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ision plus 
ultra convenience 
at a practical price! 


COLEMAN AUTOTRATOR makes automatic titration practical for o-« 
every laboratory, large or small. Quick and easy end-point settings, com- 
pletely automatic operation, high volumetric accuracy, low cost—these make 
the Autotrator a time and money-saving tool for the working chemist. 


COLEMAN AC pH METER Instant reading... line operated and 


unaffected by voltage variations. Accurate to 0.05 pH. Dual scale meter 

calibrated 0-8 and 6-14 for continuous reading of pH or millivolts. One { 
switch for scale selection. Settings remain constant and reproducible over 
long periods. Designed for extra-convenient operation. 


For complete information on this 
“Laboratory Team”’, write Dept. B 
for Bulletins B-221 and B-223. 
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The cement industry tests quality all the way. From the initial 
blasting of limestone to the final test batches from filling 
bins, Ammonium Oxalate, ‘Baker Analyzed’ Reagent grade, 
controls the vital lime-alumina and lime-silica balance. 


Cement chemists save valuable time by using ‘Baker 
Analyzed’ Ammonium Oxalate. Its low mineral content is 
recorded to the decimal on every label. In fact, the ‘Baker 
Analyzed’ label shows all important impurities, not in terms 
of tolerances, but by actual lot analysis, carefully determined 
in Baker laboratories. 


No wonder leading chemists prefer ‘Baker Analyzed’ 
Reagents for quality control. They save time for practically 
every industry where raw materials are analyzed and finished 
products searchingly inspected. 


Today, as the demand for production increases, speed up your 
testing with accuracy by the use of ‘Baker Analyzed’ Reagents 


REAGENT 


CEMENT CHEMISTS... 
SPEED round-the-clock testing 


with Baker Analyzed AMMONIUM OXALATE 


with the actual lot analysis on every label. Order your supply 
of ‘Baker Analyzed’ Reagents from a local laboratory supply 
house. There is a Baker distributor near you who offers fast, 
efficient service. 


If you'd like a copy of the recent Baker Specification Catalog, 
write J. T. Baker Chemical Co., Executive Offices and Plant, 
Phillipsburg, New Jersey. 


Other ‘Baker Analyzed’ Reagents 
of interest to Cement Chemists: 


Hydrofluoric Acid 
Oxalic Acid 


Ammonium Chloride 

Ammonium Hydroxide 

Barium Chloride Potassium Dichromate 

Hydrochloric Acid Sodium Ammonium Phosphate 
Sodium Hydroxide Pellets 


Kako Baker Chemicals 
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A. H. T. CO. SPECIFICATION 


ROTARY AIR 


A quiet, air cooled, motor driven unit with a 
capacity of approx. 1.3 cu. ft. free air per minute 


. 


PUMP 


1032-A. 


ROTARY AIR BLAST AND SUCTION APPARATUS, Gast Portable, A.H.T. Co. Specification. A 
quiet, air cooled, motor driven unit complete with vacuum and pressure gauges suitable fur intermittent 
operation at pressures not exceeding 25 lbs., or vacuums not exceeding 27 inches of mercury. A thermal 
overload circuit breaker is supplied on pumps for use on alternating current; circuit breakers are not 


supplied on direct current motors. 


Consisting of a pump with cast iron rotor fitted with 
four composition vanes revolving in a precision machined 
housing of special alloy iron which is connected directly 
to a 4 h.p. 1725 r.p.m. motor. The pump rotor is an 
extension of, and integral with, the shaft of the motor. 
The complete apparatus is mounted on four rubber feet 
and is equipped with carrying handle, and with air filters 
and oil trap attached directly behind the tapered rubber 
tubing connections at the inlet and outlet, dial type 
vacuum gauge 2 inches diameter graduated from 0 to 30 
inches of mercury in intervals of 1 inch, pressure gauge 
2 inches diameter graduated from 0 to 30 Ibs. in ietunente 
of 1 lb., and needle valves for precise regulation of the 

ressure and vacuum to the requirements of the work 
intended within the limits described below. 

__ The combined filter, muffler and trap on the pressure 
side consists of a heavy glass bow] with porous stone 


filter element which does not require replacement and 
is easily accessible for cleaning by loosening the yoke 
and thumb nut fitting around the bottom of the bowl. 
The filter on the vacuum side is a combined oiling and 
air filtering device. It is enclosed in a screw neck glass 
reservoir in which the oil level can be observed at all 
times. 

For intermittent use the pump can be operated up 
to 25 lbs. pressure, but, for extended periods, the maximum 
pressure must not exceed 15 lbs. 

Capacity, cu. ft. of free air per minute (atmospheric pressure) 1.3 
Cu. ft. of free air at 25 lbs. pressure (for 10 minute periods).. 0.95 
Maximum vacuum, inches of mercury................0+++ 27 


Current consumption on 115 volts, amperes................ 4 
Number of blast lamps (M.I.T. or equal).................. 4 


1032-A. meee | Air Blast and Suction Apparatus, Gast Portable, A.H.T. Co. Specification, as above descriked, complete 
with pressure and vacuum gauges and thermal overload circuit breaker, filters, carrying handle and 10 ft. of cord 
with snap switch and plug. With 4 h.p. motor, current consumption 4 amperes, for 115 volts, 60 wn ne 

65.2 


1032-B. Ditto, but with 1 h.p. motor without thermal overload circuit breaker, current consumption 2.3 amperes, for 


115 volts, d.c...... 


103.95 


1032-C. Ditto, but. with 14 h.p. motor and thermal overload circuit breaker, current consumption 2.7 amperes, for 230 


volts, 60 cycles, a.c..... 


1032-D. Ditto, but with 1% h.p. motor without thermal overload circuit breaker, current consumption 1.6 amperes, for 


230 volts, d.c...:..... 


10% discount in lots of 3 assorted, 1032-A to 1032-D, inclusive. 


ARTHUR H. THOMAS COMPANY 
LABORATORY APPARATUS AND REAGENTS . 


WEST WASHINGTON SQUARE, 
PHILADELPHIA 5, PA. 
Teletype Services: Western Union WUX and Bell System PH-72 


Please mention CHEMICAL EDUCATION when writing to advertisers 
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EXTRUSION OF PLASTICS, RUBBER AND METALS—Simonds, Weith 


CHEMICAL ENGINEERING 


METALLURGY 


and Schack 


This important new book offers for the first time a complete covesage of 
extrusion as an important processing operation. The first part of the 
book, comprising about two-thirds of the material, is devoted exclusively 
to the extrusion of plastics. Here the amazing versatility of the extrud- 
ing machine as an industrial unit is fully described and the many applica- 
tions of extruded plastics are discussed. All commercially important 
methods of dry extrusion such as multiple-screw machines, multicolor 
products, sheets and films—and including compressing, pelletizing and 
the most recent means of extrusion packaging—are described in a detailed, 
yet easily understandable, manner. The remainder of the book focuses 
attention on extrusion of metals (sheets, rods, billet, etc.) and such 
materials as rubber, food products, ceramics, graphite, and even ice. 
With special attention given to recent advances in the field, the book 
offers a successful combination of technical and practical approach, all 
descriptions of extrusion methods being carefully geared to the nature 
and actual operation of factory equipment. 
Molders, fabricators of plastic materials, processors of food products, 
waxes and similar materials, develooment engineers—everyone concerned 
with the problems of extrusion—will find here a complete picture of ex- 
trusion machinery, principles and practice. 

1952, 470 pages, $10.00 


THE PHYSICAL CHEMISTRY OF SURFACE FILMS—Harkins 


This volume covers all the fundamental pioneer work of the late W. D. 
Harkins on the mechanism of liquid/liquid films and interfaces, surface 
tension, emulsification, energetics of surfaces, the nature of films on liquid 
and solid subphases, proverties of solutions of long-chain electrolytes, 
and offers an introductory study of the electric layer. Though some of 
the material has appeared in earlier publications, this new book serves 
as an invaluable guide to the many advances in emulsion technology— 
including emulsion polymerization—on which the author was working 
at the time of his death and much of which has not previously been 
published. 

The papers included have been carefully edited by Dr. Harkins’ associates 
at the University of Chicago and are offered to the technical public in book 
form for the first time. All chemists, physicists and biologists whose 
work involves an understanding of detergency. films, foams, or any 
types of heterogeneous systems should find this basic treatise of the ut- 


most value. 
1952, 450 pages, about $10.00 


PERFORMANCE OF LUBRICATING OILS—Zuidema 


Amply supplied with helpful charts, tables and illustrations, this signifi- 
cant new volume summarizes and evaluates the wealth of data on the 
performance characteristics of lubricating oils under various conditions. 
The subject is approached from the point of view of performance (oxida- 
tion, bearing corrosion, etc.) rather than specific application (aircraft 
oils, motor oils, etc.) because of the more fundamental nature of per- 
formance characteristics. Here the reader will find discussions not only 
of general lubrication requirements, but entire chapters devoted to 
such important topics as the lubrication process, flow characteristics, 
sludge and lacquer deposition, emulsification and foaming, with ample 
reference to viscosity, pour point and extreme pressure lubrication. 
Worthy of special mention is the chapter on manufacturing methods, 
designed to point out the effects of each sten in the manufacturing 
process upon the performance characteristics of the final product. 

The book will prove invaluable to technical m+n concerned with the de- 
velopment, manufacture and use of lubricating oils, and to everyone 
interested in lubrication problems regardless of application. It will 
serve as an ideal companion volume to Bondi’s The Physical Chemistry 
of Lubricating Oils and Georgi’s Motor Oils and Engine Lubrication. 


1952, 250 pages, $5.00 


HANDBOOK OF DANGEROUS MATERIALS—Sax 


This amazingly complete reference book offers invaluable information 
to those directly concerned with safety problems especially in the manu- 
facture, use and shipping of chemicals. It makes readily available 
simple, concise and authoritative statements of the hazards involved 
in thousands of dangerous materials, specific instructions on how to 
minimize them and useful first aid information. Not only is this the 
most complete book on the hazards of general chemicals but it also covers 
explosives, fungus infections and radiation safety. Information includes: 
toxicity, flammability, storage, handling, physical properties and ship- 
ping regulations. It also contains the complete up-to-date revision of 
the I.C.C. Shipping Regulations which will prove welcome to many users 


of this major reference work. 
1951, 850 pages, $15.00 


THE SURFACE CHEMISTRY OF SOLIDS—Gregg 


This book is a systematic survey of the various branches of the surface 
chemistry of solids. It deals with all those chemical and physico-chemi- 
cal phenomena which relate to the activity of the surface of a solid, or 
to the interface between a solid and a gas, a liquid or another solid. The 
author treats many of these phenomena, such as the adsorption of gases 
and vapours, the spreading of a liquid over a solid, catalysis and adhesion, 
with a consistent viewpoint as far as practicable. He summarizes and 
evaluates the theories of leading workers in these fields. Emphasis 
throughout is on general principles in order to simplify an exceedingly 
complex subject for the benefit of students and others who are not well 
versed in physical chemistry. 

1951, 307 pages, $8.50 


MATERIALS ENGINEERING 


MATERIALS ENGINEERING 


METALLURGY 


CHEMICAL ENGINEERING CHEMISTRY 


MICROBIAL DECOMPOSITION OF CELLULOSE—Siu 


Contains the only comorehensive collection of facts and data dealing 
with the whole story of fungus and bacterial attack on cotton fabrics 
Gives a clear, unified picture of the structure of cellulose; the biochem). 
cal mechanism of its decomposition; the physiology and manner of at. 
tack of the microorganisms concerned; and methods of Preventing at. 
tack and protecting materials against deterioration. An understanding 
of the basic and applied work on the decay of cellulose products caused 
by bacteria, fungi and mildew—as described and critically appraise 
in this book—will help in the fight to prevent billions of dollars of annua} 
damage resulting from the microbial destruction of books, paper, rope 
photographic supplies, cotton textiles and w: . 

1951, 538 pages, $10.00 


ALKALI SOILS: Their Formation, Properties & Reclamation—Keligy 


Deals in considerable detail with a soil problem which, in recent years _ 


is becoming of the utmost importance to vast agricultural areas, Dr 
Kelley’s researches are exhaustive and they provide a basis for dealing 
with the aisali soil problem which has heretofore been lacking. The 
book covers the problem and its solutions in terms of ion exchange and 
comparisons are drawn to the condition as it exists in the western United 
States and in Russia where much work has been done on the same gy. 


ject. 
, ACS Monograph, 1951, 168 pages, $5,00 


BEET SUGAR TECHNOLOGY—McGinnis 
This is the first comprehensive book in English on the manufacture of 
beet sugar in forty-four years. Presents in a coordinated and readable 
form all the information pertaining to the beet sugar industry. This 
volume was prepared by a group of experts. It covers in detail the 
history, economics and especially the chemical engineering methods 
used in this rapidly expanding industry. It describes the growing of 
sugar beets and the extraction methods used in foreign countries as 
well as in the United States. Special attention is devoted to the tech. 
nical and agricultural aspects of the subject. This volume will become 
a standard work of reference for everyone in the sugar industry for many 


years to come. 
1951, 550 cages, $11.00 


MODERN CHEMICAL PROCESSES—IJndustrial & Engineering 

Chemistry Editorial Staff 

A significant collection of articles that deal with many modern chemical 
processes operated on a full-scale production level and never before 
so completely described. These include preparation of heavy chemicals, 
liquid fuels, food processing, synthetic rubber, chlorophyll, drugs, pro- 
tective coatings, asphalts and others. A very useful reference for 
teachers of chemistry and chemical engineering. It is hoped to publish 
similar, carefully-chosen collections every two years. 


1950, 230 pages, $4,00 


QUALITY CONTROL AND STATISTICAL METHODS—Schrock 
The step-by-step operations of applying statistical methods to moder 
industrial quality control. Includes problems as may be found in the 
growing and packaging of food, steel products, errors in filing, mail 
orders, clothing, lumber, controlling overtime, optical instruments, ter 


tiles and polls of public opinion 
1950, 250 pages, tables and charts, $5.00 


INDUSTRIAL CHEMISTRY (5th edition)—Riegel 
This nationally established textbook covering 50 major industries is 
especially designed for students and for all who wish a handy cross 
section presentation of the chemical and process industries. Ideal for 
those involved in industrial or chemical research. Replete with produc 
tion figures, tables, charts, and diagrams of equipment. 


1949, 1,020 pages, illustrated, $7.50 


PAINT AND VARNISH TECHNOLOGY—von Fischer 
This is the first comprehensive one-volume presentation of the chemistry, 
formulation, manufacture and applications of paints, varnishes, lacquers 
and enamels. Numerous illustrations, charts, tables of data and biblio- 
graphic references enhance the value of this book. 


1948, 505 pages, illustrated, $8.00 


CHEMISTRY AND USES OF INSECTICIDES—de Ong 
Written by an outstanding student of entomology and agricultural 
technology, this book covers all the major insecticidal agents in detail, 
describing not only their chemical nature and, properties, but also th 
specific action on various types of insects, their methods of applicatios, 


and their effect on animals and humans. 
1948, 330 pages, illustrated, $6.5 


CATION EXCHANGE IN SOILS—Kelley 
This long-needed treatise explains how one of the most important 
phenomena of the soil—cation exchange—takes place and how the & 
change process affects the soil. Every known phase of cation exchangt 
is discussed including origin and histery, evolution of concepts, the sev! 
theories, basic principles and their relationship to soil types, soil prop 
erties, fertilizers, soil acidity and alkalinity, plant nutrients and geol 


Processes. ACS Monograph, 1948, 157 pages, $450 


Send for copies on approval 


REINHOLD PUBLISHING CORPORATION « Dept. M-341 + 330 West 42nd Street, New York 18, N. 


Also Publishers of CHEMICAL ENGINEERING CATALOG, CHEMICAL MATERIALS CATALOG, MATERIALS AND METHODS, PROGRESSIVE ARCHITECTURE, Scientific 
Technical and Architectural Books, and Advertisement Management for the American Chemical Society Publications. 
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PRINCIPLES OF QUANTUM MECHANICS 


By W. V. Houston, Rice Institute. International Series in Pure and Applied Physics. 288 
pages, $6.00 


Provides the student with an understanding of the uses of quantum mechanics in the various fields 


of physics. Contains a deductive presentation of the wave mechanics form of quantum mechanics 
and includes a general outline of the basic theory developed from two fundamental postulates, fol- 
lowed by a series of illustrative applications. 


PREPARATION, PROPERTIES, AND TECHNOLOGY OF 
FLUORINE AND ORGANIC FLUORO COMPOUNDS 


Editor, CHARLES SLEssER, and Stuart R. Scuram, United States Atomic Energy Commission. 
National Nuclear Energy Series. Division VII. Volume 1. 903 pages, $10.50 
The primary purpose of this volume is to present recent significant findings in the fields of fluorine and 
fluorocarbon technology. These discoveries were accomplished under wartime Manhattan District 
contracts with academic and industrial organizations in an attempt to prepare materials of extreme 
chemical inertness which were required in the plant engaged in the separation of uranium isotopes 
by gaseous diffusion. 


QUANTUM THEORY OF MATTER 


By Joun C. Stater, Massachusetts Institute of Technology. International Series in Pure and 
Applied Physics. 526 pages, $7.50 
Treats quantum mechanics together with its applications to the structure of matter. First the 
general principles of quantum mechanics are introduced. Then the book proceeds to a discussion of 
the structure of atoms, molecules, and solids, with attention to such properties as atomic spectra, 
intermolecular forces, ‘‘band theory”’ of solids, electrical conductivity, semiconductors, and dielec- 
tric and magnetic effects. 


AIR POLLUTION. JU. S. Technical Conference on Air Pollution 


— by.Lours McCase, U. 8. Department of the Interior, Bureau of Mines. Ready in 
une 

Presents the most up-to-date information available in the inter-related fields of air pollution. The 
most highly-qualified specialists in this field in industry, Government, research organizations, uni- 
versities and other institutions have participated in this project. 95 chapters are included, grouped 
for convenient reference under Agriculture, Analytical Methods and Properties, Equipment, Health, 
Meteorology, Instrumentation, and Legislation. 


ENERGY SOURCES 


By Evucene Ayres, Gulf Research and Development Company, and CHarues A. Scar.orrt, 
Editor, Westinghouse Engineer. 344 pages, $5.00 
“ The story of the manner by which man has contrived to wrest from nature the vast supplies of energy 
needed for his comfort and way-of-life and an account of the many activities underway in anticipa- 
tion of the “climactic approach to exhaustion’’ of fuel resources. A thoughtful and authoritative 
analysis of past, present, and future. 


Send for copies on approval 
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for laboratory applications and 
for use in pilot and production plant 


These tapes consist of one or more fabric bands of resistance wire separated 
and bordered by bands of high temperature resisting glass fibre yarn. The 
width and length of the various tapes are carefully determined by the current 
carrying capacity of the resistance wire. The surface loading of standard 
heating tapes has been arranged approximately at 2% watts/inch? (0.4 
watts/cm’) area of tape. This wattage concentration enables temperatures 
of 400°C. and over to be reached inside a glass tube of 2 mm. wall thickness. 


The application of the tape by simply winding it around the body to be 
heated makes this new product a most convenient piece of equipment. The 
tape can be wound with edges adjoining or with any suitable pitch. 


All tapes are fitted with lead-in-wires terminating in a connector for easy 
connection to the mains. A suitable control devise such as a variable auto- 
transformer or rheostat should be employed. The tape can be held in posi- 
tion by means of glass laces provided at both ends. 


Special tapes can be made to specification up to 18 watts/inch?. A number 
of individual tapes should be employed in preference to one of excessive 
length. 


Three principal designs are available 


1 Uninsulated 

In this construction the current carrying resistance 
wires are in direct contact with the surface to be 
heated. (It is important for care to be taken to 
prevent overlapping and accidental contact.) 


As it is possible to look through this tape, it 
will be of the greatest value for research work 
when wound on a transparent surface, but heat 
losses will be more pronounced than with con- 
struction (2). 


2 Insulated on One Side 


This tape is just as simply applied, with 
direct contact between the resistance 
wire and the surface to be heated as in 
construction (1), but heat losses to atmos- 
phere are greatly reduced by the addi- 
tion of a layer of knitted glass yarn on 
one side. The tape can be wound on to 
itself but care must be taken as in con- 
struction (1) to wind it directly on to in- 
sulating surfaces only. 


3 Insulated on Both Sides 


This type is constructed of two insulation 
layers of knitted glass yarn with the cur- 
rent carrying bands in the center. The 
type can be safely wound on to metal 
thus making it especially suitable for 
heating steel tubes, valves, nozzles and 
other conducting surfaces. Heat losses 


. to atmosphere are minimized. 

Cat. No. Length Cm. Width mm Watts at 230 V Amps. Each 
HT.101 90 25 100 0-8 9.65 
HT.102 125 64 250 1-5 12.25 
HT.103 150 16 450 2-3 16.65 
HT.104 180 89 500 2-6 19.25 
HT.201 90 25 100 0-8 11.40 
HT.202 125 250 1-5 14.90 
HT.203 150 16 450 2-3 20.15 
HT-301 both side 25 $00 0-8 14.70 
HT. 25 5 
HT 302 125 64 250 1-5 18.75 
HT.303 150 16 450 2-3 26.45 
HT.304 180 89 500 2-6 29.40 


6433-8 Variable Transformer, Powerstat. For controlling temperature of heating tapes. Transformer 
has an input rating of 115V, 50/60 cycles. Maximum output rating, 7.5 amps. Each $23.00 


STANDARD SCIENTIFIC SUPPLY CORP. 
34 West 4th Street = 


New York 12, N. Y. 
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The Sargent-Slomin Electrolytic Analyzers have 
through long service proved their value to analysts. 
Each unit is mounted within a case consisting of one- 
piece stainless steel panel, beaker platform and apron 
with sturdy end castings. All models are completely 
self-contained and operate from 50-60 cycle electric 
circuits — no auxiliary generators or rheostats are 
required. 

The two position analyzers consist of two complete, 
independently operating analyzer circuits. Duplicate or 
check analyses can be run at the same time or two dif- 
ferent analyses can be run simultaneously at different 
current densities. 

The central electrode is rotated by a new capacitor 
type induction motor, operating at 550 r.p.m., especially 
engineered for this application. Under development 
for five years, this motor has been thoroughly tested 
and approved for continuous operation. Fully enclosed 
for protection against corrosive fumes—the shaft, sleeve 
bearings, and cap are made of stainless steel. 

Outstanding features of this rugged motor are: 

Greater output than any motor of similar characteris- 
tics and size. 

No internal switches or brushes. 


No “permanent” magnets — full output for long 
service life. 


SARGENT 


* Immediate shipment 
from stock 


FOR HIGH SPEED 
QUANTITATIVE ANALYSIS OF 


Ferrous and non-ferrous metals and alloys. 
Electroplating solutions and electro-deposits, 
Ores and minerals. 

Metals in biological materials. 

Metals in foods, soils, etc. 

Forensic materials. 

Micro and semi-micro specimens. 


Designed for continuous trouble-free performance 


No speed change with change of load. 


All parts of the new electrode chucks are made of 
stainless steel. A simplified design utilizes a positive 
retaining spring which permits quick, easy insertion of 
the electrodes and maintains proper electrical contact, 


These new analyzers used with the specially designed 
high efficiency corrugated electrodes rapidly produce 
smooth, close grained deposits at maximum current 


density. 


S-29460 ELECTROLYTIC ANALYZER — Sargent-Slo 
min, One Position. For operation from 115 Volt, 50-0 
$275.00 


S-29465 ELECTROLYTIC ANALYZER — Sargent-Slo 
min, Two Position. For operation from 115 Volt, 50-0 


$-29632 ANODE—Platinum gauze, Corrugated Form, 
High Speed. (Patent pending). Price subject to market. 


$-29672 CATHODE — Platinum gauge, Corrugated 
Form, High Speed. (Patent pending.) Price subject 0 
market. 


SCIENTIFIC LABORATORY INSTRUMENTS + APPARATUS + CHEMICAIS 
E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE.; CHICAGO 30, ILLINOS 
MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICHIGAI 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 9, TEXAS 
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Here’s high vacuum you can count on — ready 
to go to work for you wherever and whenever you 
need it. It’s the new Kinney Vacuum Pump Model 
CVM 3153, a small pump for big results. 


Model CVM 3153 is fast, quiet, dependable... 
produces low absolute pressures of 0.2 micron or 
better. It employs the famous oil-sealed pumping 
system that has made Kinney a household word 
wherever high vacuum is needed. Despite its light 
weight (only 70 Ibs. complete with % HP motor), 
Model CVM 3153 has a free air displacement of 2 cu. 
ft. per min... . unequalled by any pump of similar 
size, weight, and horsepower. Construction is extra- 
tugged throughout, for long-lasting efficiency. 


Send coupon for complete details. KINNEY 
MANUFACTURING CO., Boston 30, Mass. Repre- 
sentatives in New York, Chicago, Cleveland, Phil- 
adelphia, Los Angeles, Houston, New Orleans, San 
Francisco, Seattle, and foreign countries. 
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Name 


KINNEY MANUFACTURING CO. 
3605 Washington St., Boston 30, Mass. 


oe Please send Bulletin V51-A describing Kinney Vacuum Pump Model 
VACUUM ~ CVM 3153. Who is my nearest Kinney Distributor? 


Company 
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Fonbrun 


Micro-forg 


de Fonbrune Micromanipulator 
Uniform pneumatic movement 


The de Fonbrune micromanipulator, 
manufactured under exclusive license to 
the French patents, affords new simplicity 
and flexibility in micro-studies. It is equally 
suitable for biological or clinical technics. 
The micromanipulator consists of a manip- 
ulator and receiver. These units may be 
used with any type of microscope .. . ar- 
ranged for right- or left-hand operation. 
Within a range of 3 mm, the micro-tool is 
moved in any plane or direction by a single 
control lever. Ratio of displacement be- 
tween lever and micro-tool may be adjusted 
from 1:50 to 1:2,§00. 


Micro-probes, scalpels, needles and other tools made to exact specifications under controlled conditions 


The improved de Fonbrune micro-forge with stereoscopic microscope is 
an indispensable accessory for all types of micromanipulators. With this 
convenient micro-forge, micro-pipettes, micro-scalpels and numerous other 
micro-instruments are fabricated under accurately controlled conditions. 
Only little practice is necessary for an investigator to acquire skill in manip- 
ulating the various controls in manufacturing micro-tools. Ready availability 
of standard and special micro-tools often proves of genuine advantage in 
utilizing the full potentialities of the micromanipulator in both routine 
and special studies. 


Binocular body provides three dimensional vision 


The micro-forge is basically a combination of optical and electric forge 
units. In the improved model, the optical system includes a microscope 
with inclined binocular body in place of the monocular type. This stereo- 
scopic microscope not only provides three dimensional vision but also 
shows the image erect. The microscope is equipped with 4X paired objec- 
tives and 9X paired wide field eyepieces. These optics provide a magnifi- 
cation of 36X with a large working field. The electrical forge is mounted 
on an adjustable stage directly in front of the microscope objectives. Two 
insulated clamps support the cylindrical electrodes connected by a platinum- 
iridium filament providing temperatures from about 120°F. to 3000°F. Air 
jets are also mounted on the stage. The lamp housing is set opposite the 
objective and forge unit. A pivoting spindle for supporting the material 
is mounted at the periphery of a disc in front of the lamp housing. Both 
spindle and disc may be rotated about their own axis and the entire assembly 
adjusted vertically or horizontally. Controls are provided for adjusting the 
light to the objective. A detailed manual of instructions is furnished with 
each micro-forge. Accessory equipment including the air pump, rheostats, 
and transformer is contained in the base. The entire 
unit is finished in baked-on gray enamel. 


Write for prices and descriptive bulletin T114 
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lnorganic Semimicro 


Qualitative Analysis 


By C. W. Griffin and M. A. Plunkett 
Vassar College 


Aclear, logical presentation of the principles and tech- 
niques of qualitative analysis. Written in simple, easy- 
to-understand language, it gives the student an excel- 
lent foundation for more advanced courses in chemistry. 
Throughout the text, the authors stress the need for 
orderliness and thoroughness. Each chapter is con- 
cluded with a group of questions, problems and answers. 
The procedures included are the most reliable and work- 
able for elementary students. 


in two parts 


THEORY presents in a simple but comprehensive 
manner the theoretical background needed to under- 
stand the laboratory procedures. 


ANALYSIS includes the most important charac- 
teristic reactions for each of the analytical groups. 
Preliminary experiments illustrate the basic principles. 
Complete directions for analysis of unknowns are given 
in step-by-step form. 


teachers say 


“The organization is superb.”’ (Pa.) . . .“* The theoretical 
aspect is such that the average student with a year’s 
inorganic chemistry should have no difficulty under- 
standing it.”’ (N. Y.) . . . just the right balance 
of laboratory work and theory.” (Va.) .. . “The de- 
tailed explanations should guide the student and lead 
him into the solution of the problems without very 
much assistance from the instructor, thus helping the 
student to feel that he is on his own.”’ (Ala.) . . . ““Care- 
ful examination of this book reveals a combination of 
exactness, substantiality and readability.’’ (La.) 


299 PAGES $4.75 


14 ILLUSTRATIONS 


The Blakiston 


Name 


THE BLAKISTON COMPANY 


Please send me the following book(s). I have indicated whether for teacher’s exam- 

=) ination or for personal use. 
Teacher’s examination 

(C0 Griffin & Plunkett’s ‘Inorganic Semimicro Qualitative Analysis” 

Schwenk & Martin’s ‘Basic Organic Chemistry” 


thee in chemistry texts 


Basic Organic Chemistry 
By J. R. Schwenck and R. M. Martin 
Sacramento Junior College 


a new organic text for a 
one-semester course 


The electronic structure approach is used throughout 
to correlate the principles of organic chemistry with 


. those of general chemistry. The subject—presented in 


20 short chapters—is introduced at once by a study of 
carbon. The material from that point on is developed 
in a logical manner—each functional group is discussed 
under the headings of naming, structure, preparation, 
reaction and special characteristics. 


Each chapter contains a motivating prologue, questions 
and classroom-proved charts as visual summaries of 
preparations and reactions. 


Especially important is the section on organic chemistry 
and its relation to modern warfare and to civilian wel- 
fare in war and peace. 


45 ILLUSTRATIONS e@ 323PAGES $4.50 


USE THIS HANDY COUPON 
TO ORDER YOUR COPIES TODAY! 


1012 Walnut St., Philadelphia 5, Pa. 
105 Bond Street, Toronto 2, Canada 


( Personal use 


Company 


Walnut Street 


Philadelphia 5, Pa. 
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cientists and glass weapons keep America strong 


Wraesx THE CHIPS ARE DOWN, the quality 
of food, clothing, weapons and equipment 
can spell disaster or victory. 

Today, as America builds her defenses, 
thousands of scientists and their many 
intricate glass weapons—precision instru- 


ments—are needed to check the quality 
of this materiel before it goes overseas. 
And, too, new clothes, new weapons, new 
foods and new equipment must come from 
research laboratories to keep pace with the 
changing exigencies of world conditions. 


KIMBLE GLASS onto 


Division of Owens-Illinois Glass Company 


JOURNAL OF CHEMICAL EDUCATION, FEBRUARY, 19% 


Kimble “Norvax” Burette No. 17031, 100 ml; 
Kimble “normax” Precision Gradualea Cylinder 
No. 20026, 250 ml; Kimble “Normax” Volumen 
Flask No. 28017, 250 ml. 


Kimble is humbly proud to contribute 
our national defense, and is determined 
to keep American scientists armed with 
whatever glass weapons they need to dof 
the work that will some day bring red f 
and lasting peace. 
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BECKMAN Model IR-2 
Infrared Spectrophotometer 


Order it 
‘from - 
HARSHAW 


The Model IR-2 Infrared Spectrophotometer is unsurpassed 
for accuracy, convenience, and overall usefulness in research 
investigations, analytical laboratory determinations and for 
the continuous automatic control of piant streams. 


Many design features contribute to the convenience and 
speed of operation of the IR-2: Elimination of zero drift and 
non-linearity through the use of chopped radiation and an 
a-c amplifier; minimized stray energy by advanced optical 
design and employment of a filter-beam chopper; construc- 
tion in separate compartments, making the IR-2 the most 
adaptable instrument available; Incorporation of a turret- 
stop mechanism for quick, accurate setting to predetermined 
wave lengths; collimation of the radiation beam so that the 
focus is unaffected by substituting special cells of various 
lengths; direct calibration of the monochromator in wave- 
length units to eliminate conversion charts; dual gas cells 
independently filled and positioned without removal from 
their compartment. 


The Beckman Model IR-2 excells in performance: precise 
reproducibility of transmission measurements; high resolu- 
tion of better than 3 cm-! o* 10 microns; reduction of stray 
light to less than 1 per cent at 14 microns and to less than 
2 per cent at 15 microns; excellent reproducibility of slit and 
wavelength settings; constant energy output of the source; 


linear detecting and amplyfying system not subject to un- 
controlled fluctuation in sensitivity. 


The instrument's fundamental design is similar to that which 
has proven so successful in the well-known Beckman Model 
DU Quartz Spectrophotometer. The model IR-2 is constructed 
of separate units which are easily assembled and dis- 
assembled. A rugged, sealed monochromator mounted in a 
steel housing is the principal unit. To this are attached three 
other units in the standard instrument; the light-source com- 
partment, the gas-cell and energy receiver compartment, 
and the liquid-cell compartment. Because other units such as 
special radiation sources or receivers, or different cells and 
cell compartments can be attached as desired, the instrument 
is readily adaptable to specialized measurements and to 
the changing requirements of research and plant control. 


MODEL IR-2S SPECTROPHOTOMETER. Comprised of three units; 
the instrument assembly with sodium chloride optics, the electronic 
amplifier, and the power supply for use on 115-volts, 60-cycles. The 
instrument is assembled with monochromator and three integrally 
attached units: the energy receiver compartment with thermocouple, 
the liquid cell compartment, and the light source compartment with 
phototube regulator, beam chopper and auxiliary metal fixed gascell, 
approx. 27-cm. Other cellslisted separately. Direct reading wavelength 
scale 1.0 to 15.0 microns. Shipping weight 400 Ibs..... $4650.00 


Contact Harshaw for all Beckman Instruments 


See this instrument demonstrated in Booths 18-19, March 5-6-7, 1952 at the Pittsburgh Con- 
ference on Analytical Chemistry and Applied Spectroscopy. Wm. Penn Hotel, Pittsburgh, Pa. 


HARSHAW SCIENTIFIC 


- DIVISION OF THE HARSHAW CHEMICAL CO. © 
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your vacuum setting 
even after 
shutting down system 


VACUUM & PRESSURE 


CONTROL Here is truly an ama 

A ing instrument. So m 
canny in its operation, 
this new glass Cartesia 
Manostat #7 performs with human-like sensitivity. 

Formerly, new settings had to be made every time the sy 
tem was shut down. But now Cartesian Manostat #7 elimi 
nates that time-consuming operation. Now, once a vacuum 
has been set in the instrument, the system may be shut 
down without disturbing the setting. This new feature pr 
vides simple and fool-proof operation. 

This glass model is especially suitable for laboratory 
applications because of its corrosion resistance. 


HOW IT WORKS’ 


The operation is based on sealing off a given amount o 
gas inside the diver at the control pressure. The sensitive 
diver responds to the slightest increase in pressure in th 
system which causes the diver to drop and open the upper 
orifice which is connected to a source of pressure lowe 


than the control pressure. This allows the excess gas t# 
leave the system and restore it to the control point. A smal 
bleed into the system from a source of higher pressur 
insures that the pressure in the system will never go belov 
the control pressure. 

When operated under vacuum, the quantity of gas mai 
taining the control pressure is sealed inside the diver eve! 


when the system is restored to atmospheric pressure, sin} 


the excess pressure forces the inside seat of the diver dow 
upon the orifice of the internal central tube and prevenli 
breaking of the mercury seal. 


*For Theory of Operation See Following Article: 
Gilmont, R., Ind. Eng. Chem. Anal. Ed. 18, 633, (1946) ; 23, 157 (1951): 


PRICE LIST: 


615071 Cartesian Manostat #7, all glass model ready for use with rubber cis 


nections. Clamps for pressure operation and mercury not included. ea. $39 


Tee GREINER 


20-26 N. MOORE STREET YORK 13, N.Y. 
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ELECTROANALYZER 


rapid analysis 
of metals 


The Cenco Two-Unit Eiectroanalyzer saves time in the quantitative 
electroanalysis of metals. Independent controls provide current 

up to 5 amperes to each or both stations simultaneously. 

Meters indicating volts and amperes are mounted with selector 
switch on the front panel. 

Polystyrene electrode holders resist corrosion, facilitate adjust- 
ment of electrodes, and provide effective clamping. This improved 
unit is highly recommended for chemical analysis of zinc, base 
die casting alloys (ASTM E47-45), copper and lead in aluminum 
alloys (Aluminum Research Institute Methods Cu 2-47 and Pb 2-47), 
copper in ferrous metals (ASTM E30-47), copper and lead in 
brasses (ASTM E36-45). Also available in a six-station model. 
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CENTRAL SCIENTIFIC COMPANY 


SCIENTIFIC INSTRUMENTS ¢ LABORATORY SUPPLIES 


1700 IRVING PARK ROAD, CHICAGO 13, ILLINOUS 
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NALYTICAL EAGENTS 


© The chemist is one of the world’s most exacting buyers. He has to be... 
his work often depends wholly upon the purity of the laboratory chemicals 
he uses, That’s why more chemists than ever before choose from the over 


400 Mallinckrodt Analytical Reagents. 


MALLINCKRODT CHEMICAL WORKS 
Mollinckrodt St., ST. 7, MO 72 Gold Street, NEW YORK 8, N.Y. 


Chicago Cincinnati Cleveland Los Angeles 
Philadelphia « Sen Francisco * Montreal « Toronto 


VWRITE FOR THE WEW ANALYTICAL REACENT CATALOG — LISTING OVER AR'S 
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Photo Courtesy— Rutgers University 


In America’s Leading Laboratories 


New Christian Becker Balances prove to be 
ONLY IN A CHRISTIAN BECKER 


WILL YOU FIND THESE FEATURES a 
Speed oO tion —N design, ick- 
antes, a0) Ye ars Ahe ad 


rider lifter, immediately accessible control 
knobs speed operation. 


Less Eye Strain —Tapered case design im- * ° — 5 
Welt on cooling Shown above is Christian Becker’s Balance 


finish a “< = White matte inside Model AB-2 in use at the College of Agriculture, 


Quicker Readings —Larger, easy to see nu- Rutgers University, New Brunswick, N. J. 
merals on scientifically positioned, constant- 
eye-level dial and vernier. All adjustments 


made from outside of case. 

Greater Working Access — Entire front of 

balance opens. Full working area instantly ° m 

accessible. No cramping of 

hands while weighing. - 


Prolonged Sensitivity — 
Less knife edge dulling, Division of 


be 

no sliding of knife edge on 5 

bearing surface. 


"Beckerloy’ Weights 
Main Office and Factory: Clifton, New Jersey *Sales Offices: Chicago * San Francisco 
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No need to handle pipette at any stage 
of its use. 
* 


x 
Light and Portable. for 


A basic necessity in every laboratory employing radioactive a tapered, soft synthetic rubber receptor, making an air 
solutions is a device for the remote handling of these liquids. tight seal. The spring tension finger is locked by turning th 
The Remote Pipette Control was designed to perform all the knob controlling it, and the pipette is ready for use. (Con 
pipetting operations simply and effectively, and it eliminates taminated pipettes are ejected by merely releasing the spring 


letely th ity of handling the pipette at t tension finger.) The precision syringe in the handle enables 
accurate pipetting. It will handle pipettes from 5 ml. dow 


to 100 lambdas with ease. A special insert and | al 
The syringe control and pipette locking device are conven- syringe are available for pipetting from 1 ml. to 10 lambdas 


iently located in the handle. The handle is curved on the The Remote Pipette Control is ruggedly constructed of ligh 
upper surface and grooved on the lower surface to fit the weight aluminum. The smooth anodized surface permis 
hand comfortably. The pipette is picked up by a spring easy decontamination. The control is also available wih 
tension finger, and the top of the pipette pushed snugly into aluminum handle and stainless steel parts. 
No. CE341-64 Remote Pipette Control, all aluminum, each. . . . . . . $8981 
No. CE341-65 Remote Pipette Control, aluminum handle and stainless steel 
No. CE341-66 Adapter and Syringe, for pipetting from 1 ml. t0 10 lambdas, each 7.50 


LANCO 
SAFETY GLASS SHIELD 


@ Heavy duty laminated safety glass with metal clad edges 
provide for the maximum protection from injury due to acci- 
dental explosions, broken connections and other potential 
hazards. 

Frame is 30” x 14”, supported by slotted heavy casi iron 
bases. The shield is firmly gripped by set screws. Extra 
heavy bases will hold the shield firmly upright on either the 
30” or the 14” side. Complete with two bases. 


ARTHUR S. LoPINE AND COMPANY, L ain c 121 W. HUBBARD ST., CHICAGO 10, ILL. 


LABORATORY SUPPLIES-EQUIPMENT 
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Specify KNIGHT-WARE 
for Corrosive Service! 


Knight-W are is no ordi- 
nary ‘sewer pipe’ ceramic 
—it is a special acid-proof 
ceramic that is resistant 
to all corrosives.* It was 
developed by a company 
with over 45 years’ ex- 
perience in the manufac- 
ture of acid-proof chemical 
equipment. 

Knight-Ware sinks, 
sumps, pipe and fume 
ducts can be installed by 
any competent plumber. 
No expensive molds are 
required hence special pipe 
fittings can be made to 
order at relatively low 
cost. Knight-Ware is 
widely used in colleges, 
hospitals, laboratories and 
publishing plants, as well 
as in industrial, chemical 
and pharmaceutical plants. 
*Excepting Hydrofluoric 
acid and hot caustics 

A completely detailed and 
illustrated brochure will be 
sent you on request, ask for 
bulletin No. 5-Y—KNIGHT- 
WARE. Please specify in 
your letter type of equip- 
ment in which you are in- 
terested. 


MAURICE A. 
KNIGHT 


202 Kelly Ave., Akron 9, O. 


NIGHT= 
‘WAR ARE 


CHEMICAL 


ALL-PURPOSE 
THERMOSWITCH CONTROL 


The THERMOSWITCH 
Control is constructed . 
with two silver con- 
tacts mounted on, but 
electrically insulated 
from, curved nickel- 
iron struts of low 
expansion coefficient. 


This assembly, known 


as the element as- 
sembly, is then mounted under tension or 
compression in a seamless drawn brass or 
stainless steel tube. The amount of tension 
or compression is variable, depending on 
the position of adjusting sleeve and the 
temperature of the shell. The control 

calibrated at a given shell temperature by 
turning the adjusting screw until the contacts 
separate. Changes in temperature cause 
the shell to expand or contract which exerts 
more or less tension or compression on the 


struts causing the contacts to make or break. 


Write or Phone Sherwood 2-1123 for Additional Information. 


320 MARKET STREET - PATERSON 3,N-L- SHERWOOD 2 1123. 4 
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ERE is a new, fully-automatic instrument that 
reduces the titrating time required for moisture 
determinations to one or two minutes. No technical 
judgment of the exact end point is necessary because 
it utilizes the ‘dead stop’’ technique. Thus, titrations 
may be carried out just as precisely by technicians as 
by trained chemists. 


With the Aquameter, the human factor is largely 
eliminated so that most determinations — even those 
requiring simultaneous extraction and titration — can 


Complete information sent on request. 


SCIENTIFIC GLASS co..Inc. 


LABORATORY APPARATUS - INSTRUMENTS - CHEMICALS - GLASSWARE 


instrument for Karl 
Qischer titrations 


accurate 

saves time 

determinations re- 
producible to 0.05 
ml (or better) 

fully automatic 

utilizes “dead stop” 

technique 


be reproduced to 0.05 ml or better! It distinguishe 
between true and apparent (false) end points at which 
equilibrium has not been established, and permits 
titration of dark colored solutions, suspensions and other 
samples for which the visual method is impractical. . 


You’ll find the Aquameter ideal for all types of Karl 
Fischer titrations — both direct and indirect, irrespec: 
tive of solution, color, turbidity or composition. It 
may be used on pharmaceuticals, alcohols, oils, ethers, 
solvents, and food and dairy products. 
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(See page 76) 
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THE WELCH DENSITOMETER 


UNSURPASSED STABILITY 
EXCEPTIONAL LIGHT SENSITIVITY 
PATENTED MAGNETIC MODULATION 
NO ZERO ADJUSTMENT 

CONVENIENT SMALL SIZE 5 x 7% x 13 IN. 
LIGHT IN WEIGHT—ONLY 11% POUNDS 


No. 2150 


The SPECIAL FEATURES OF THE DENSICHRON qualify it for use in many light-measur- 
ing operations in scientific research and industrial process control. Some of the laboratory 
applications for which the DENSICHRON is particularly well adapted are— 


PHOTOMICROGRAPHY 
CHROMATOGRAPHY* 
REFLECTOMETRY 
MICRODENSITOMETRY 
COLORIMETRY 


* See ‘Quantitative Paper Chromatography for Students’’ by Patton, A. R., Jr. Chem. Educ., 28, 629 (1951) 


The DENSICHRON is supplied complete with a blue-sensitive light probe (or red if specified), 
five measuring apertures, a cone with '/; inch aperture, and metal support for the probe unit. 
The current consumption is 30 watts. For operation on 115 volts—60 cycle AC only— 
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Nor so very long ago Dr. Herman I. Schlesinger was given the Honor Scroll of the 
Chicago Chapter of the American Institute of Chemists, in well-earned recognition 
of his many years of service at the University of Chicago. Two remarks which he 
made on that occasion have stuck in my mind ever since I read his address of ac- 
ceptance. They mark him as a man who thinks independently, if unconventionally, 
and is not content to “run with the pack.” 


I am convinced that the principles and philosophy of science, distilled away from its phe- 
nomena anc its techniques, are, like the brandy distilled away from the wine, a heady potion likely 
to produce a false glow of accomplishment rather than the strength resulting from solid intel- 
lectual nourishment. 


We need to be continually reminded that science is a method of contemplating 
nature, and unless we know nature the contemplation is not only fruitless but per- 
haps even a sign of mental unbalance. We cannot theorize until we have some- 
thing to theorize about. Perhaps the man who said “Sometimes I set and think and 
sometimes I jest set’’ wasn’t so stupid; at least he had sense enough to save his 
mental energy until he had something to apply it to. It is proper and useful to 
point out that the mere collection of data is not science, that such a collection 
only becomes scientific when imagination is brought to play. On the other hand, 
imagination without a factual basis may be good poetry but not science. The cur- 
rently fashionable discussions of the philosophy of science and the scientific method 
tend to overlook the dull process of assembling information and emphasize the more 
spectacular features, but observation is a primary step in the scientific process 
and all the rest is empty without the necessary antecedent. 


It is my conviction that one of the most important, even if an indirect consequence of sci- 
entific thinking, has been its contribution to the ideals in whose pursuit this country was founded, 
and in whose defense we have fought two world wars and are again arming ourselves. The ideals 
of liberty and freedom are the consequences of the concept of the dignity of the individual. In 
my opinion, this concept owes as much to science as it does to philosophy and to religion. It is 
to a great extent based on the contention of science that man is primarily a part of nature and 
not primarily a part of a political, a social, or an economic order.. As a part of nature, each man’s 
needs, and particularly his potentialities, should, in so far as is consistent with his responsibili- 
ties to his fellow men, be determined by natura] laws, and by the endowments nature has given 
him rather than by man-made laws or man-made distinctions of caste, or of economic, political, 
or social stratification. 


‘This is the answer of the pure scientist to the applied-scientific contention that 
all of man’s efforts should be directed to making his social life happy, comfortable, 
and congenial. If there is any basis for contention between the natural scientist 
and the social scientist, this is it. In the specialized educational field it draws a line 
between ‘“‘nature-centered’’ and “child-centered”’ education, between the concep- 
tion of education on the one hand as a study of the natural environment of which 
man is a constituent part, and on the other as a preparation for the individual’s 
daily life in a social group. As a statement of fact there is little doubt about it; 
as a basis of action it will not be universally agreed with—depending upon one’s 
socio-political leanings, no doubt. Nevertheless, it is a point of view well worth 
considering. 
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Own Ocroser 12, 1949, the following letter was re- 
ceived from Mr. D. W. Jayne, Jr.: 


Dear Dr. Rochow: 

Relating to the tube of “bromine” that I sent you in July, I 
have now received from Mr. Arnott (the gentleman who sent me 
the material) the history of this sample. I am sending this to 
you because I think you will be interested in his dissertation. 


MEMORANDA re Sealed Tube of BROMINE from Laboratory 
of T. Davidson-Arnott 3lst January '45 
The following deals with a sealed glass tube, 43/,” long by 
3/,” (external) diameter, formerly containing about 1'/. inches 
liquid BROMINE. At the end of what I believe to be nearly 
50 years, the BROMINE, which I have never heard of as exist- 
ing in crystalline form at temperatures higher than from 7° to 
12° below zero F., remains solid in an ambient temperature of 
84°F. 

HISTORY. This is quite simple. Around 1893-4, not long 
after my arrival in Trinidad, I was engaged in research work on 
Crookes Tubes, following up the experiments of Lenard and 
afterwards Goldstein (canal rays). I had built and was using a 
6”-Spark Ruhmkorff Coil. I blew and exhausted my tubes, 
roughing out with a 36 lb. Toepler and finishing with a five-fall 
Sprengel (I still have all of the old equipment); at a later date 
I replaced the Toepler by a Fleuss Oil Pump; (in 1898, for X-ray 
work, I builtsand was using a 15”-Spark Coil). After exhaustion 
I frequently introduced various gases, keeping the tubes on the 
pump for days, and sealing-off by a gasoline blowpipe. I also 
investigated the effect of cathode rays (through “windows’’) of 
alkali halides and minerals, but am in a position to state that at 
NO time was the BROMINE subjected to rays of any kind. 
When, in 1896, we received a description of the tube used by 
Roentgen, I was able to duplicate it, and the first X-ray photo- 
graphs in Trinidad I made a little later in the same year. 

Around, I believe, the latter part of 1896 I imported from the 
London house of Messrs John J. Griffin & Sons, a considerable 
number (120 odd) of reagents in glass-stoppered bottles for re- 
stocking my chemical cupboards, and amongst them was this 
tube of Bromine in liquid form. As the Bromine was never re- 
quired, the tube, from that day till this—nearly fifty years— 
remained in the one chemical cupboard reserved for 8-o0z. bottles. 
At first it probably stood upright in a glass jar along with other 
tubes of inert substances—Burroughs & Wellcome’s Solids (Starch, 
Oxalic Acid, green and blue dyes) and the like—but for the last 
twenty years it has lain on its side in a glass trough (6” X 3” X 
1/,” thick) half filled with cetaceum: usually though not always, 
covered by the trough’s flat glass lid (6'/.” X 31/,” wide 
X 3” deep pierced with two */,.” holes about 3” apart). 


vapour filling the rest of the tube, and when I looked at it within 
the last twelve months it certainly presented the same appear- 
ance as on its arrival in 1896 or 7. 

But a few weeks ago, when relabelling a number of stock bottles 
I came across the tube which, meanwhile, had changed out of all 


At all times the Bromine was in a liquid condition with brown | 


“ALLOTROPIC’’ BROMINE 


An Investigation of a Crystallized Red-Brown 
Sample of a Substance Originally Labeled as 
**Bromine—Pure, for Analytical Purposes”’ 


EUGENE G. ROCHOW and IRA KUKIN 
Harvard University, Cambridge, Massachusetts 


recognition: with NO trace of vapour or liquid, the glass of the 
tube was perfectly clear, and, inside piled up pretty equally at 
either end, were masses of dry sharp crystals, the crystals at one 
end being larger and better-formed. 

When I had last seen the tube (possibly a year earlier) the ink 
on the paper label had faded and was illegible, but I knew this 
to be the word “Bromine” written with a fine pen in somewhat 
elongated script, and presumably in ink made of iron and galls, 
I now handed the tube to a chemist friend to see if he could re. 
store the writing by sulphides or other reagents, or make out the 
letters under the mercury arc, but the soft surface of the paper 
seems to have been eroded and he had no success. Unfortunately, 
perhaps through shaking or handling or exposure to heat, when, a 
fortnight later, the tube was returned, the contents had under- 
gone a change for the worse and now showed up as solid, liquid, 
and gas, and in this condition it has remained. 

I have no theory to account for the structural alteration, nor 
can I suggest whether the change is the result of small forces 
over a long period or a large one acting quickly. It is true that in 
1909 (and for some twenty vears thereafter) a great deal of X-ray 
work was carried out in the room in which the Bromine was 
stored. (I still have twenty-three gas tubes 6” to 8” diam. on the 
racks, and though I used heavy glass and lead-lined shields around 
the tubes, I shall never know how I escaped X-ray dermatitis). 
But I cannot believe the Rays had anything to do with it, and in 
any case no such work has been done there in the last fifteen 
years. Small quantities of radio-active barium and potassium 


platinocyanides are kept in (W. M. weighing) bottles on the op- | 


posite side of the room, and in the same cupboard, but not on any 
near shelf, are 8 oz. bottles of Uranium Oxide, Nitrate, Fluoride, 
etc. I cannot believe that any of these could produce a cumu- 
lative effect resulting (as by the introduction of a catalyst) in the 
immediate rearrangement of the structure of the contents of 4 
sealed glass tube. 

This Bromine was supplied by Messrs. Griffin as ‘Pure, for 
Analytical Purposes’; might it be that it was not technically 
Pure, and that it contained a percentage of Carbon Tetrabro- 
mide? Or (as possible as its date of manufacture) free chlorine 
(as in some American Bromines), free iodine (as in German) or 
Cyanogen? Could any of these bring about structural alter- 
ations? 

As far back as 1872, Baumhauer, in the American Journal of 
Pharmacy, ascribed the variations in the generally-quoted Spe- 
cific Gravities of Bromine (2.99 to 3.14) to the presence of water 
in the specimens showing the higher figures; might it be that when 
first introduced into the tube the bromine contained residual 
traces of water, and that, over a long period of years this water 
was occluded by the walls of the tube, after which, a mere shake 
might have brought about crystallization? Could the slight but 
long-continued vapour pressure at 84°F. for ten months in each 
year have produced an effect of any kind? 

At a later date I carried out a long series of experiments on 
COLD LIGHT, using the ordinary ELATERID, of which I usu- 
ally kept from 50 to 100 at a time in a wire cage in the laboratory. 
The work was begun at the instance of Dr. Raphael Dubois of 
Paris and Marseille with whom I had corresponded for years: 
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Dr. Dubois was the foremost authority on the subject and had 
published his very comprehensive volume; ‘Les Elaterides 
Lumineux,” as far back as 1886. During this period I operated 
high-frequency Oudin and Tesla coils giving sparks four and 
five feet long, and phosphorescence, luminescence & fiuorescence 
called for high-voltage tubes, infra-red and ultra-violet light, and 
the use of radio-active salts. Yet I cannot connect any of this 
work (nor the apparatus involved) with any change in the char- 
acteristics of the contents of a sealed glass tube relegated to the 
lowest shelf of a closed cupboard with heavy glass doors, and in a 
very subdued light. 
13th February ’45 


I might add that BROMINE CRYSTALS have been de- 
scribed as of “‘a dark leaden colour and with a lustre nearly metal- 
lic” (U. S. Disp. 18th ed.); that, no doubt, was correct for the 
crystals then observed at a low temperature, but scarcely applies 
to those in my tube. So far I have had no opportunity to ex- 
amine them for refraction or angularity, nor with the micro- 
scope, spectroscope or polariscope—in each test allowing for the 
curved glass wall (which, in places, is not free from hair-like air- 
ducts produced at the original drawing of the tube but closed with 
the sealing of the ends). 

It would appear that conditions within the tube are not yet 
stabilized as on some of the few days on which I have looked it 
over, the traces of gas and liquid, at other times definitely in 
evidence, are all but negligible. So, until we know more about 
the facts it will be safest, perhaps, to keep the tube away from 
bright lights, changes of temperature or position, and free from 
shocks. 


In a further handwritten report signed by T. David- 
son-Arnott on July 20, 1949, the information contained 
in the previous letter was repeated, plus some other 
information designed to throw more light on this 
curious phenomenon. The pertinent new information 
follows: 


Examination of the twbe shows that the surface is covered with 
long minute veins: the original tube from which it was drawn out 
had a number of air-bubbles. Here the hair-tubes open out into 
hollow cells not unlike the mercury bulbs of small clinical ther- 
mometers. The free ends of those hair tubes open directly into 
the large tube as they were filled with liquid bromine, which is 
presumably, now solid... . One small blister (half-way between 
a large convex and a large concave blister) has nearly vertical 
walls and a deep well .... The inside of the tube contains 
brown gas or is stained brown: there is no liquid at this date—20 
July 1949... 

In all probability the solid bromine will be found to be a poly- 
mer but we know that other substances are, after long periods, 
allotropic-sulphur, for example... . 

On the other hand I have a recollection that in the case of bro- 
mine minute traces of water have a profound effect on struc- 
ture, and if the sealed specimen was a very dry one or has dried 
out, in time, anything might happen. When on 31st January 
1945 I first discovered the profound change in what had always been 
a liquid, the process of crystallization was not complete: today, 
4'/2 years later there is fo free liquid left... . 


Some preliminary experiments were tried with the 
sealed tube before opening it, and it appeared that 
there were at least two phases present. When part 
of the tube was immersed in warm water, a volatile 
liquid condensed on the upper walls and as this ran 
down it solidified to lemon-yellow crystals which melted 
at 46°. There was left a darker solid which contained 


some of the melted yellow crystals and did not have 
as sharp a melting point; it appeared to melt in the 
neighborhood of 77° and was almost black when 
melted. The colors could be explained on the basis 
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of interhalogen compounds, but not the melting points. 
It appeared that the only thing to do was to open the 
tube and analyze for other halogens, even though this 
involved the risk of losing or altering the crystals if 
they should indeed be a polymer of bromine.’ 


PRELIMINARY ANALYSIS 


One could speculate at length about polymeric 
bromine, allotropic bromine, and iodine monobromide, 
but a direct analysis of the material was clearly in 
order. A plan of analysis was devised and the tube 
was prepared for opening. The appearance of the 
glass before and after having been cut indicated that 
it was of a very poor quality of soft glass, containing 
numerous air bubbles and the hair-like lengthwise 
ducts mentioned by Mr. Davidson-Arnott. The 
material was under a pressure no greater than its own 
vapor pressure. The reddish-brown vapor discolored 
the skin and left a burning and irritating sensation. 
The crystalline solid was not altered upon opening the 
tube. 

Samples of the material were withdrawn and sub- 
jected to qualitative tests for bromine and other halo- 
gens. It was found that the substance dissolved in 
carbon disulfide and carbon tetrachloride to form a 
reddish-brown solution, and in chloroform or glycerol 
to give a yellow color. The material dissolved in an 
aqueous solution of potassium bromide to give a brown 
solution which distributed itself in two layers when 
carbon disulfide was added. The solution in potassium 
bromide gave no blue color with starch, indicating that 
no free iodine was present. The original material 
dissolved in a solution of potassium hydroxide to form 
a slightly yellowish solution which, after neutralization 
with acetic acid and reduction with sodium hydro- 
sulfite, gave a slightly yellowish silver halide precipitate 
upon addition of a solution of silver nitrate. A small 
crystal of the original material when heated with con- 
centrated sulfuric acid evolved a reddish-brown gas 
but no violet color appeared. Chlorine water was 
added to a solution of the material in carbon disulfide 
and a brown color only was produced in the carbon 
disulfide layer. A weaker solution of the material 
was reduced with a solution of sodium bisulfite and an 
excess of ferric alum was added. No iodine vapor was 
evolved upon heating. (This test was later repeated 
using zinc as the reducing agent.) 

Since the presence of bromine (and no other halogens) 
was indicated by these tests, a small amount of the 
original crystalline material was added to a tube of 
pure liquid bromine to see whether it would seed the 
latter. The crystals dissolved, but to this date no 
physical transformation of the liquid bromine has 
occurred. 


DETAILED ANALYSIS 


Obviously the next thing was to test purity of the 
original sample by determining the percentage of 
bromine in it. While preliminary procedures were 
being worked out for this determination, a chance 
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Figure 1. 


observation cast doubt upon some of the previous 
conclusions. 

The material dissolved in water to give a reddish- 
orange acidic solution. When neutralized with 12 
N KOH, the solution passed through a brownish murky 
stage before becoming colorless after sufficient potas- 
sium hydroxide was added. Experiments using known 
bromine and iodine solutions showed that only in the 
case of the iodine solution was this intermediate brown 
stage present. Likewise, when the unknown was 
dissolved in a solution of potassium hydroxide to give 
an almost colorless solution and then was acidified, 
this brown intermediary stage appeared before the 
solution suddenly cleared at a definite pH. Compar- 
able results appeared in the case of a known iodine solu- 
tion, but not with a bromine solution. A reinvestiga- 
tion for the presence of iodine in the original crystals 
was now undertaken. The unknown was added to a 
tube containing a mixture of chloroform, water, and 
30-mesh granulated zinc. The chloroform layer now 
appeared violet and the water layer slighly brownish. 
Dilute acid was added and the reduction with zinc 
continued until both layers turned colorless. 

The colorless solution then was heated in a Kjeldahl 
flask to which an acidified solution of ferric alum was 
added in excess. A pinkish vapor appeared which was 
condensed in a cold solution of potassium iodide. This 
gave a blue color with starch. 1t was concluded that 
iodine was present in the original sample, probably in 
the form of iodine monobromide (in which iodine 
has a positive oxidation state). 

The above method was then made the basis for an 
exact determination of the iodine content. A weighed 
amount of sample was dissolved in water, reduced with 
30-mesh zinc, filtered, and the filtrate acidified. Ferric 
alum was added in excess. The solution was heated 
in a Kjeldahl flask provided with a trap. The iodine 
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MI. of 0.1056 M AgNOs 
Amperometric Titration of Unkown Sample after Reduction with Zinc 


was then distilled into a saturated solution of potassium 
iodide, which was cooled in an ice bath. This was then 
titrated with a solution of sodium thiosulfate which 
had been standardized both with recrystallized potas- 
sium dichromate and with a standard solution of ceric 
salt. Iodine was found to be present to the extent of 
about 53 per cent. 

Another analysis to determine iodine and bromine 
simultaneously was then performed as follows: A 
100-ml. volumetric flask containing 30 g. of potassium 
iodide and 15 ml. of water was weighed, the unknown 
was added, and the flask and contents weighed again. 
After diluting to volume, a 10-ml. aliquot was titrated 
with the standardized thiosulfate solution. The result 
was calculated as follows: 

Wt. of sample = 1.4250 g. 
Vol. of thiosulfate required for 10 ml. aliquot = 26.84 ml. 


Therefore 26.84 ml. (0.0900 meq./ml.) = 2.416 meq. of I, pro- 
duced per 10 ml. of sample. 


If x = g. of I; present in an aliquot sample, 0.1425 - 
x = g. of Br: in aliquot sample and 


x 0.1425 — x 
126.92 79.916 


= 0.0024156 


However, this equation gave a negative value for 2. 
Only by assuming the presence of a halogen of lower 
molecular weight than bromine could this result have 
meaning. Could one, therefore, assume the presence 
of chlorine in the sample when all the previous tests 
showed such a preponderance of bromine and no 
chlorine? 

A potentiometric titration was performed on the 
unknown which had been reduced with granulated 
zinc, using 0.1056 M AgNO;. The results are shown 


in Figure 1. 
The first break occurred at an e. m. f. of +0.010 v. 
(vs. saturated calomel) and the second break at +0.30 
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y.; the calculated percentages of halogens on the basis 
of iodide and bromide gave 52.89 per cent of iodine and 
98,22 per cent of bromine. Moreover, the form of the 
gbove titration curve and the equivalent point poten- 
tials clearly indicated the presence of iodide with chlo- 
ride and not iodide with bromide. 

On repeating the previous experiment in which the 
reduced solution was oxidized with potassium per- 
sulfate (liberating any iodine and bromine), and then 
adding silver nitrate to the solution, a white precipitate 
was obtained which readily dissolved in ammonia 
water and reprecipitated on addition of nitric acid. 
Also, to the reduced solution from which iodine had 
been expelled with ferric alum, potassium chromate 
and concentrated sulfuric acid were added. Only 
the slightest trace of bromine was found. 

A recalculation of the results of the potentiometric 
titration, assuming that the equivalence points were 
due to iodine and chlorine, gave 52.9 per cent of iodine 
and 39.1 per cent of chlorine. (In this titration small 
amounts of bromine would not show up and would be 
calculated as chlorine.) Moreover, a_ recalculation 
of the previous analysis in which the unknown was 
added to a solution of potassium iodide and titrated 
(assuming only chlorine and iodine to be present) 
gave 55.36 per cent of iodine and 44.64 per cent of 
chlorine. The material was clearly a mixture of 
jodine chlorides containing very little bromine. 

In order to determine the exact proportions of iodine, 
bromine, and chlorine present in the sample, a gravi- 
metric procedure based on a modification of the method 
of Bekk and Baubigney' was worked out. A weighed 
sample was dissolved in 0.5 N NaOH, acidified, and 
made up to a known volume. An aliquot portion was 
passed through a Jones Reductor containing zine which 
had been washed with dilute sulfuric acid. The re- 
sulting halides then were precipitated with an excess 
of silver nitrate, washed, dried, and weighed as total 
silver salts. A second aliquot portion was treated in 
exactly the same manner, and the precipitated silver 
salts were digested with a solution of potassium dichro- 
mate in concentrated sulfuric acid. After all the 
chlorine and bromine had been expelled, the iodine 
remained in the form of iodic acid. The iodie acid 
then was reduced with a solution of sodium sulfite, and 
the resulting precipitate of silver iodide was washed, 


‘dried, and weighed. The filtrate (containing the silver 


formerly associated with the chlorine and bromine) 
was treated with a solution of potassium iodide and 


the precipitate weighed as AgI. This yielded: 
Iodine 57.34% 
Chlorine 39.96% 
Bromine 3.64% 
100.94% 


One cannot say definitely whether the bromine was 
present in the form of iodine monobromide, bromine 
chloride, or free bromine, but the presence of more 


Summary of Analyses 
Volumetric 
titration of Calculated, 
a KI solution Gravi- based on 
of unknown metric® 
Iodine 55.36 57.34 78.16 54.39 
Chlorine 44.64 39.96 21.84 45.61 


* To account for the discrepancies in the volumetric and gravi- 
metric results, the following must be considered: The volu- 
metric titration (in which the unknown was added to potassium 
iodide and titrated) is a simultaneous determination of two halo- 
gens, and in calculating the results the presence of the smal] 
amount of bromine was ignored. Also, each time that the tube 
was opened to withdraw a sample some vapor escaped. The 
composition of the vapor undoubtedly was different from that of 
the solid material left behind, due to the dissociation of iodine 
trichloride. 


than one phase seems highly probable in view of the 
following observations: 


1. The solid begins to melt at 40° and continues until 70°, at 
which point a dark brown liquid forms; examination of the melt- 
ing point tube reveals the presence of yellow stains along its sides. 

2. If the sample is melted in a sealed-off tube, a dark brown 
solid forms at the bottom and yellow crystals appear along the 
sides as soon as the flame is removed. 

3. If the sample tube is placed in an ice bath, fine needle-like 
amber crystals, yellow crystals, and brown patches appear on the 
sides of the tube besides the main mass of brown solid and a 
brownish oily layer. If a sample of the material is left in the 
refrigerator, after a few days cherry-orange crystals appear. 
Upon removal from the cold compartment, the orange crystals 
immediately turn reddish. When put back in the cold compart- 
ment, yellow-orange patches are formed. 

4. If asample of the material is added to liquid chlorine in a 
dry-ice—acetone bath to convert any iodine chloride present in the 
sample to iodine trichloride, the dark brown sample forms orange- 
yellow crystals which changed to a ruby color at room temper- 
ature, the color being noticeably different from that of the orig- 
inal sample. These crystals melt at 45-58° with decomposition. 
(The m. p. of IC]; is 47-62°, with decomposition. )* 

5. If a crystal of iodine is warmed with a sample of the ma- 
terial and then cooled in a dry-ice bath, the reddish-brown crys- 
tals which separate change to a red-brown liquid at room tem- 
perature (m. p. IC] = 13.9° for brownish-red tablets of the 8 
form, which is labile and changes into ruby red needles of the a 
form, m. p. 27.19°). 


ABSORPTION SPECTRA 


It might be concluded that the crystalline mass 
was a mixture of ICI and ICl;, mixed with a small 
amount of IBr or BrCl. However, an analysis of the 
absorption spectra in the visible range might be ex- 
pected to show exactly which interhalogen compounds 
were present. 

Iodine monochloride behaves very much like iodine 
in that it changes its color depending upon whether it 
exists as a vapor, liquid, or solid. The color of the 
solid also depends upon the type of solvent in which 
it is dissolved, as shown in the table on the next page. 

Samples of the original crystalline mass were dis- 
solved in various solvents, and were found to form red- 
brown solutions in carbon tetrachloride, carbon disul- 


Chem. 


'Bexk anp Jutius, Chem.-Ztg., 39, 405-6 (1915); 
Abstracts, 9, 2042 (1915). 


2CorNoG AND Karaas, “Inorganic Syntheses,’””’ McGraw- 
Hill Book Co., Inc., New York, Vol. 1, p. 165. 


Solvents yielding* 
(a) yellow solutions with rodine 


Solvents yielding 
(a) red-brown 
c e iodine chloride 

(b) brown solutions with iodine 


Methy] alcohol Carbon tetrachloride 
Ethy] alcohol Chloroform (very pure) 
Ether Trichloroethylene 
Ethy] acetate Ethyl] bromide 

Formic acid Chlorobenzene 

Acetic acid Hexane 

Acetic anhydride Cyclohexane 
Hydrochloric acid Benzene 

Acetone Toluene 

Pyridine Xylene 


Carbon disulfide 


* GriuaM, A. E., AnD R. A. Morton, Proc. Roy. Soc., 124, 604 


(1929). 


fide, and benzene, and yellow solutions in methyl 
alcohol, ethyl acetate, hydrochloric acid, and chloro- 


form containing a trace of alcohol. 


The absorption maxima for the following halogens 
and interhalogen compounds dissolved in carbon tetra- 
chlorine, 332 mu; bromine, 417 my; 
iodine, 520 my; bromine chloride, 380 mu; iodine chlo- 
Iodine tri- 
chloride has a strong absorption peak at 460 my and 
a weaker peak at 335 mu (the only interhalogen com- 
In alcohol 
and other solvating media, iodine forms a brown solu- 
Iodine 
chloride and iodine trichloride form yellowish solutions 


chloride are: 


ride, 464 my; iodine bromide, 490 mu. 


pound to show such a double maximum). 
tion with an absorption maximum at 447 mu. 
with an absorption maximum at 335 muy in alcohol 


while iodine bromide forms a yellow-orange solution 
with a maximum at 390 my in this solvent. 
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Figure 2. Absorption Spectra of Sample in CCl; and Methyl Alcohol 


solutions with 


(b) violet solutions with iodine 
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Figure 3. Absorption Spectra of Solid and Liquid Por- 
tions of Sample in CHCl; (Reagent) 


The spectra obtained with samples of the “‘allotropic” 
bromine in two solvents are shown in Figure 2. The 
absorption peak in methyl] alcohol at 338 mu and the 
corresponding absorption in carbon tetrachloride at 
458 muy instantly rule out the possibility of free bromine, 
iodine, iodine bromide, or bromine chloride. More 
over, the second maximum in carbon tetrachloride at 

35 my is unmistakable evidence of the presence of 
iodine trichloride. The single absorption peak in 
reagent chloroform is shown in Figure 3. 

Figure 4 shows the changes which occur upon stand- 
ing. The absorption in methyl alcohol decreases. 
In carbon tetrachloride, the maximum at 458 mu de 
creases with a shift toward the shorter wave lengths, 
and the second maximum at 338 mu (due to the chlo 
rine) disappears with time. This can be traced to the 
instability of iodine trichloride and its liberation of 
chlorine as a result of dissociation, with the eventual 
formation of iodine chloride. 


This dissociation has been used in organic chemistry 
to get vicinal dichlorination.* 
trichloride spectrum is a composite of those of iodine 
chloride and chlorine, varying amounts of iodine chlo- 


ride and iodine trichloride would give the same type of 
spectrum. 


CONCLUSION 


Only one further point requires consideration, and 


that is an explanation of how this sample (which origi ] 


nally was a liquid) solidified in a rather sudden fashion 
after the lapse of considerable time. The following 
facts must be borne in mind: 


3 CaMPAIGNE, E., AnD W. THompson, J. Am. Chem. Soc., 72) 
629 (1950). 


Also, since the iodine 
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(1) Iodine monochloride when once melted can re- 
main liquid below its melting point. 

(2) Iodine trichloride exists as a solid below 40°C. 
and presumably the sample could not initially have 
been pure iodine trichloride. 

(3) Bromine chloride is a very unstable compound, 
decomposing to bromine and chlorine. 

(4) Iodine chloride has a large residual affinity for 
chlorine. 

It therefore is proposed that the sample originally 
was a very impure bromine containing iodine and 
chlorine, allowing the possibility of formation of inter- 
halogen compounds. As long as the bromine was 
present in excess, this sample would remain a liquid. 
With time most of the bromine which originally was 
present escaped, a likely possibility considering the 
shoddy condition of the glass in which it was contained 
and the presence of long capillary tubes in the glass, 
which were formed at the time the tubing was drawn 
and which probably’ were open to the interior instead 
of being sealed off as Mr. Davidson-Arnott had sup- 
posed. Any chlorine which would have formed due 
to the dissociation of bromine chloride would not escape 
but would react with the iodine chloride present, so 
that the concentration of iodine trichloride steadily 
increased. When enough of it had formed, the sample 
solidified. 

To test this hypothesis, a small amount of the sample 
was dissolved in liquid bromine at room temperature 
and left at about 45°C. in a loosely stoppered test 
tube. After most of the bromine had escaped, the 
sample was cooled to room temperature. A dark- 
brown crystalline mass, very similar to the original 
solid, was left behind. While the above experiment 
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is only suggestive, it is clear that all the evidence 
contradicts the existence of any “allotropic” form of 
bromine in the sample tested, and shows conclusively 
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Figure 4. Absorption Spectra of Unknown in CCk and 
Methyl Alcohol and Effect upon Standing 


that the solid material is almost entirely a mixture of 
iodine chlorides. 


* A STABLE RADIOACTIVE STANDARD 


Dvrinc the course of radioactive investigations it was 
observed that ordinary black glazed porcelain ware 
exhibited residual activity. The source of such radio- 
activity was not at first readily apparent, but upon 
analysis it was found to lie in the hard black glaze as 
applied to such common laboratory utensils as evapo- 
rating dishes, crucibles, ete. 

A communication from the Coors Porcelain Com- 
pany, manufacturers of these items, revealed that the 
principal constituent used to impart this black glaze is 
uranium oxide of low percentage. The black oxide and 
other ingredients are suspended in water and the 


' Present address: Western Cartridge Co., Alton, Illinois. 


JOHN P. BUTLER and JOHN N. MANDAS' 
Iowa State College, Ames, Iowa 


crucible or other piece dipped in the glazing mixture. 
The article is then fired at a temperature which vitrifies 
the body and melts the glaze leaving a hard, chemically 
resistant surface. 


The relative chemical inertness of the procelain ware, 
its ready availability, and the long half-life of the radio- 
active constituents of the black glaze make the labora- 
tory pieces suitable for standards of activity. The 
amount of radiation emitted depends on the geometry 
of the surface and other factors, but it is on the order 
of 2 X 10-* microcuries/em~*. Possible uses include 
those of Geiger-Miiller tube calibration, determination 
of tube geometry, and demonstration purposes. 


| 
| 
| | 


* THE PERIODIC TABLE: 


THE 6d-5f MIXED 


TRANSITION GROUP’ 


U Transition Group 
Periodic Table in Long Form? 


In recent paper in JourNat, Glockler and 
Popov (1) have given succinctly the arguments for 
emphasis of the long form of the periodic table (or 
chart), usually attributed to Bohr (2). 

Glockler and Popov propose the principle: “Since 
the periodic table should represent the variation of 
chemical properties as a function of the atomic number, 
it seems reasonable to expect that all the elements 
should be included in a single picture.” They do, 
however, consider it necessary to make certain com- 
promises, especially to present the transactinium ele- 
ments in the framework of the Seaborg actinide hypo- 
thesis (3). 

A little. consideration will indicate that the con- 
ventional periodic chart has four principal features 
to act as vehicles for chemical information: (1) the 
breakdown into rows; (2) the use of columns or inter- 
row tie lines to emphasize close homology; (3) the use 

” This work was supported in part by the Atomic Energy Com- 
mission. 

* Reprinted here by courtesy of the Record of Chemical Prog- 
ress, Wayne University, Detroit, Michigan. 


CHARLES D. CORYELL 


Massachusetts Institute of Technology, 
Cambridge, Massachusetts 


As Se Kr 36 


Transition | Group 


© Transitory elements (no stable isotopes) 
Synthetic elements 


of broken tie lines to represent secondary analogy or 
relationships; and (4) the absence of tie lines coming 
down from above to indicate the incidence of an elec- 
tronic transition group of a type not previously oc 
curring in the table. With relatively few modifica- 
tions, the Bohr-type periodic table presented by Glock- 
ler and Popov can be made to reflect more instructively 
the rather complex relationships obtained in the neigh- 
borhood of the 4f or gadolinium transition group and, 
more importantly, in the 6d-5f sequence extending from 
actinium (Z = 89) through the region of uranium and 
the synthetic earths to element 103, eka-lutetium. 
Such a periodic table was discussed in detail by the 
author in a parallel publication (4), and is presented 
here in the figure. 

The breakdown into rows of the periodic table in the 
Glockler-Popov and the present variants is, as is con 
ventional, based on the largest total quantum number 
n of the electrons in the valence shell, as indicated by 
the valence shell of the alkali and alkaline earths oc 
curring as first and second members of each row beyond 
helium. The difference in this regard in the figure 
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fom the Glockler-Popov form is only that the noble 
are not listed on the left edge in duplication of 
their position on the right edge of the previous rows. 
In other words, electronic structure... .(np)® is not 
repeated as ... .((n + 1) s)° although this duplication 
iscommonplace.* 

One of the chief virtues of the frequent discussions 
of the optimal formulations for the periodic table is 
the one that has been dominant since the formulation 
of the table by Mendeleev (1869) and Meyer (1870): 
the discussions have high instructive value and the 
competitive proposals stimulate new experiments and 
greater appreciation’ of apparently uncorrelated facts, 
asemphasized in the historical work of Mary E. Weeks 
(6). The purely chemical arguments about the trans- 
itions in electronic levels in the elements from actinium 
through californium have already been presented in 
detail (4). Suffice it to recall that in condensed systems 
the chemical properties in the sequence actinium, 
thorium, protactinium, and uranium are closely analo- 
gous to the properties in the sequence lanthanum or 
lutetium,® hafnium, tantalum, and wolfram (tungsten).® 
This has been interpreted (4) as a consequence of the 
predominately 6d character of the valence electrons 
in the sequence, with any 5f character not being ener- 
getically distinguishable. Thus the vertical tie lines 
in the Glockler-Popov form relating cerium, praseo- 
dymium, and neodymium with thorium, protactinium, 
and uranium should be replaced with the pre-1946 tie 
lines descending backwards from hafnium, tantalum, 
and wolfram. 

The halt at oxidation number +6 in the highest 
known (sexipositive) oxidation state MO,.++ of the 
sequence neptunium, plutonium, and americium (7) 
indicates incontrovertibly that beginning with neptu- 
nium each element has successively one energetically 
more deep-lying electron than the previous one (8), 
the deep-lying electrons being certainly clear-cut df 
representatives. There is no exact precedent for this 
in the periodic system, so that these elements show no 
close similarity with successive elements in any row 
above; they represent true uranides, with the same 
oxidation levels and ionic or molecular structures that 
are displayed by uranium. Vertical tie lines for these 
elements descending from promethium, samarium, and 


*Glockler and Popov (1) have made the interesting proposal 
that the neutron on! be included as the “element” of atomic num- 
ber 0. This proposal certainly deserves support in chemistry, 
but neutron belongs in a zero row before hydrogen and helium, 


placed above helium. This position would also emphasize the 
singular chemical properties predicted for the neutron. The 
chemical symbol for neutron would probably be the unique one: 
_ ‘To the credit of the painstaking work of the classical chemists, 
itshould be noted that the atomic numbers of all elements known 
in 1910 were deduced at that period from the known chemical 
properties. The work of Moseley (1913) served to verify the 


values and to provide a powerful new mechanism for the search 
for the then unknown elements 43, 61, 72, 75, 85, 87, and the 
elements beyond uranium. 

* For a discussion of the proposals of the International Union of 
Chemistry for element nomenclature and spelling, see ref. (6). 
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europium would thus be misleading, and should not be 
retained in a periodic table. 

The presently available evidence (3, 4) with regard 
to curium, berkelium, and californium indicates that 
homology with the 4f transition group species gado- 
linium, terbium, and dysprosium is reasonably well 
established, the 5f subshell energy levels having dropped 
appreciably below those of the 6d level in aqueous solu- 
tion and in solid compounds. The tie lines for these 
element-pairs presented by Glockler and Popov are 
thus acceptable and duplicated in the figure. Pre- 
sumably the 5f sequence will continue to its normal 
completion at element 103. Thus tie lines are shown 
for the next two elements most likely to be identified 
in modern nuclear-chemical element synthesis, ele- 
ments 99 and 100°. 

The periodic table presented here shows fewer broken 
tie lines than does its Glockler-Popov analogue. Since 
broken tie lines represent secondary similarities, in the 
Von Antropoff manner (9), considerable variability 
is to be expected in their use, and limitations set by 
typography and clarity also affect their inclusion. 
There may be a case for a broken tie line between 
cerium and thorium; there is, however, a case against 
the use of one between europium and americium as 
shown by difficulties in preparing americious compounds 
(4), and the uranide analogies of the higher oxidation 
states. 

Attention is paid in the figure to the absence of tie 
lines to emphasize the inception of new transition groups 
with the filling of subshells as indicated. In the first 
row’ there is filled the n = 1 shell (called here the /s 
subshell since it consists of only the /s orbital); in 
the second row the series boron through fluorine is 
really a transition group associated with the filling of 
the three orbitals of the 2p subshell, and in the fourth 
row from scandium through zinc there are filled the five 
orbitals of the 3d subshell in a sequence often identified 
as the iron transition group. Only the third and fifth 
of the rows are without intrusion of a transition group 
not displayed in a previous row. On the basis of simple 
theory (4), the seventh row, starting with francium 
and radium, should also be without a transition group. 
The effect of initial intrusion of the 6d transition makes 
the early part of this row (through uranium) tie in 
closely with the fifth row. 

Because of this parallelism, virtually all pre-1946 
periodic tables abandoned the 4f or gadolinium transi- 
tion group to a separate line at the bottom of the peri- 
odic table, connected to lanthanum by an asterisk. 
This set a precedent for the postwar proposals (3, 10) 
that the sequence from actinium through element 103 
be treated the same way. The conflict between the 


6 It seems to the author that Glockler and Popov have been 
too generous in putting in solid tie-lines between the pairs cad- 
mium-ytterbium, indium-lutetium, tin-hafnium, antimony-tan- 
talum, and tellurium-wolfram. Most of these might be accept- 
able as broken tie-lines reflecting less close analogy. 

7In common chemical parlance the row hydrogen-helium is 
often not counted, and the row from lithium through neon is often 
called that of the first-row elements. 
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filling of the 6d and the 5f subshells, first clearly marked 
at neptunium (4, 7) creates a situation without exact 
precedent, and makes useful the recourse to the Bohr 
long-form periodic table (with the full width of 32 
members), to be able to show both 6d homology up to 
uranium, and the clear 5f homology: beginning with 
curium. The set of closely similar elements neptunium, 
plutonium, and americium cannot be connected by 
strong ties to any preceding element sequence.® 

The knowledge of 15 known elements in the table 
comes at least in part from radiochemical observations 
(11) and nine of these elements were prepared by 
modern nuclear transmutations. Thus it seems desir- 
able to distinguish naturally occurring elements without 
stable isotopes (transitory elements®) and synthetic 
elements from the stable elements. The first class 
is distinguished by circles around the symbol, and the 
second class by squares. This sort of distinction does, 
to be sure, take over a typographical feature that could 
have been used for conveying information of a strictly 
classical chemical character, such as the distinction 
between metals and nonmetals. 

There is one future problem that periodic-table 
devotees may yet have to face in this generation that 
will complicate tie lines to the last row. With the 
great legitimate interest in element synthesis and in 
view of the spectacular successes already obtained in 
the Berkeley laboratories of Professor G. T. Seaborg 
in going four elements beyond plutonium, modern nu- 
clear chemistry may well us with synthetic 
forms of some elements beyond element 103. It seems 
very probable (3, 4) that the elements from curium on 
through 103 are true 5f transition groups. Element 103 


8 It does not seem useful to tie them all to wolfram. It should 
also be noted that it is rather difficult to oxidize americium to the 
states AmO,* and AmO,**, and that the state Am ** is not avail- 
able in aqueous solution (4, 7). Americium is, energetically 
speaking, close to being a good analogue of curium, but still it 
does not show chemical analogy with europium. 

9 Three transitory elements, indium, thorium, and uranium, 
have one or two radioisotopes of half life (12) long compared to 
the age of the elements, and are thus found abundantly in nature 
and are known fully from standard chemical operations. 
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should then be a close homologue of lutetium and thys 
a close analogue of actinium, although with a somewha 
smaller radius. The 6d transition group will the 
start anew, and element 104 will be another es. 
hafnium closely similar to thorium. Thus element 104 
might also be called dyo-thorium.” Elements 19; 
and 106 will be eka-tantalum or dyo-protactinium and 
eka-wolfram or dyo-uranium. But element 107 yij 
not be a dyo-neptunium because of the 45f intrusion 
in the same row, and the elements will go on as ekg. 
rhenium (107), eka-osmium (108), etc., probably with 
good corresponding homology, to be represented by 
heavy vertical ties. : 
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AN EXHIBITION of printed works and manuscripts by Antoine Laurent Lavoisier 
(1743-94) will be held at The Grolier Club, 47 East 60th Street, New York 22, 
New York, from Tuesday, February 19, to Tuesday, March 18, 1952. A printed 
catalogue will be available there at that time. 
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THE EARLY DAYS OF CHEMISTRY AT THE 


UNIVERSITY OF WISCONSIN 


Tue first chair devote exclusively to chemistry 
was created in the University of Wisconsin in 1880 
when the institution was in its 32nd year. This does 
not mean, however, that the subject had finally re- 
ceived a belated recognition. W. W. Daniells, the 
frst incumbent of the chair, had been with the Uni- 
versity since 1868 as its first professor of agriculture 
and had been offering most of his instruction in chem- 
istry. Even before the coming of Daniells, courses 
in chemistry had been offered by 8S. P. Lathrop and 
Bara S. Carr. 

Samuel Pearl Lathrop (1816-54), who had received 
his M.D. from Middlebury (Vt.) College in 1843, 
was appointed in 1854 to fill the chair of chemistry 
and natural history. This was the last of seven chairs 
to be filled in the institution which had been founded 
in 1848, the year that Wisconsin achieved statehood. 


S. P. Lathrop about 1850 


Lathrop, no kin to the University’s first president, 
John H. Lathrop, had held a similar post since 1849 
at Beloit College. Instruction in science was begun 
at the state university with the assistance of apparatus 
borrowed from the older college on the state border. 
Professor Lathrop, however, died before he had com- 
pleted his first year.! 


AARON J. IHDE and H. A. SCHUETTE 
University of Wisconsin, Madison, Wisconsin 


Ezra S. Carr about 1865 


Ezra Slocum Carr (1819-94), a graduate of Rens- 
selaer Polytechnic Institute and Castleton (Vt.) Med- 
ical School, was successor to Professor Lathrop. Carr, 
a member of the faculty of Albany Medical College, 
was induced to come west not only by salary considera- 
tions but also by the fact that the Board of Regents 
strained the finances of the struggling University in 
order to purchase Carr’s mineral collection for $1400. 

Carr was favorably remembered by the naturalist, 
John Muir, as ‘The Doctor, who first laid before me 
the great book of Nature, and though I have taken so 
little from his hand, he has at least shown me where 
those mines of priceless knowledge lie and how to reach 
them.’’? In his teaching Carr called upon the students 
to repeat his lectures and demonstrations before the 
class. This method reflected the teaching procedure 
of Amos Eaton and his pupil James Hall, under whom 
Carr studied at Rensselaer. Though Carr referred 
often to laboratory work, these lecture demonstrations 
were the only opportunities offered to the students 
for experimental work. No systematic pattern of 
laboratory work was offered until Daniells appeared 
upon the scene. 

Carr also busied himself with University politics, 
becoming a member of the Board of Regents in 1857. 


'Boutwe.t, P. L., Trans. Wisconsin Acad. Sci., 41, in press 


(1952). 


2 Bape, W. F., “The Life and Letters of John Muir,” Hough- 
ton Mifflin Co., New York, 1924, Vol I, p. 143. 
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John E. Davies about 1895 


Though he vacated the position a year later as a result 
of faculty opposition, he was a factor in the resigna- 
tion of Chancellor Lathrop and an unsuccessful can- 
didate for the vacant position. His tactless aggressive- 
ness in promoting his department and deriding others 
made him unpopular with faculty colleagues, regents, 
and politicians. Nevertheless, he retained his profes- 
sorship of chemistry and natural history for 12 years. 
This period was a precarious one for the University 
and all those connected with it. Financial resources 
were never adequate. The second chancellor, Henry 
Barnard, was in such poor health during his two-year 
tenure that administrative matters fell largely on the 
shoulders of John Sterling, professor of mathematics, 
natural philosophy, and astronomy. With the chan- 
cellor’s resignation in 1860 a reorganization was in- 
augurated. All professorships were declared vacant 
and provision was made. for the restoration of only 
five. Immediately thereafter the Civil War depleted 
the student body to negligible proportions. Sterling 
and the small faculty struggled along as best they 
could. 

The University received a new lease on life with the 
onset of postwar days. Congress had passed the 
Morrill Act in 1862, setting aside forest lands to pro- 
vide income for colleges of agriculture and mechanical 
arts. At first there was a serious consideration to the 
setting up at Ripon of a separate state college along 
the lines followed by Michigan, Ohio, Indiana, Iowa, 
and certain other states. In 1866, however, the state 
legislature passed enabling legislation for the incorpora- 
tion of agriculture and engineering into the university. 
Paul A. Chadbourne of Williams College assumed the 
presidency in 1867. He was responsible for adding 
John E. Davies and W. W. Daniells to the faculty in 
order to strengthen the sciences in accord with the 
new policy of emphasis on the practical arts. Carr 
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was dropped from the faculty at this time. He Was 
professor of agriculture at the newly founded Unive. 
sity of California for several years before becom; 
Superintendent of Public Instruction in that state, 

Dr. John Eugene Davies (1839-1900), a graduate 
of Lawrence University and Chicago Medical College 
assumed the professorship of chemistry and natural 
history vacated by Dr. Carr. Davies’ interests, how. 
ever, lay more in the direction of physics and mathe. 
matics than in chemistry. His chemical responsibil. 
ities were terminated in 1874 when he became pro. 
fessor of physics and astronomy. A few years later, 
with the completion of Washburn Observatory, James 
C. Watson, the famous University of Michigan astrop- 
omer, was brought to the University. Davies spent 
the remainder of his life at the University as professor 
of physics, except for a short leave for study under 
Lord Kelvin. His published work was largely the re. 
sult of his activities in charge of the Geodetic Survey 
in Wisconsin. 

William Willard Daniells (1840-1911), a graduate 
of Michigan Agricultural College with an M.S. degree, 
came to Wisconsin in February of 1868 as the first 
professor of agriculture. Within the year, “and analyt- 
ical chemistry” was added to his title. When Davies 
severed his connection with chemistry, Daniells’ title 
was changed to Professor of Agriculture and Chemistry. 

Laboratory instruction was inaugurated in the fall 
of 1868 after a summer spent in equipping a room in 
the south basement of University Hall (now Bascom, 
Hall) as a laboratory. Daniells had spent some time 
as a student at Harvard just before coming to Wisconsin 
and brought with him a realization of the importance 
of laboratory instruction which had been so effectively 
demonstrated by Wolcott Gibbs and Josiah Parsons 
Cooke of Harvard, and by the youthful Charles Eliot 
at the newly founded Massachusetts Institute of 


W. W. Daniells about 1900 
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Technology. As early as the spring of 1868 Daniells 
had one student carrying on laboratory work on a 

nter’s bench in the basement of University Hall. 
By 1875 laboratory instruction was being offered in 


- qualitative, blowpipe, and quantitative analysis. 


There were also courses in organic and agricultural 
chemistry. 

At the start of the fall term in 1880 Daniells severed 
his connection with the agricultural department and 
became the University’s first professor of chemistry. 
Expansion began almost as soon as the depart- 
ment was created. At the time of his retirement in 
1907 his department included three professors, eight 
instructors, and four assistants. In addition to ex- 
pansion of personnel the physical plant had likewise 
expanded. The new department of 1880 shared a 
portion of the three-year-old Science Hall. When 
this building burned in 1884 it was replaced by the 
present Science Hall. The Regents decided, however, 
that such a noxious and dangerous subject as chemistry 
should not be taught in a fine building like Science 
Hall, so the chemistry department moved, in 1885, 
into its own Chemical Laboratory, the cream-colored 
brick building beside Lake Mendota which today 
houses the chemical engineers. The final move of the 
chemistry department was made late in the fall of 1905 
when the central portion of the present Chemistry 
Building was completed. 

Professor Daniells did not receive help in his teach- 
ing duties until 1879 when Charles Richard Van Hise 
(1857-1918) was added to the staff as assistant in 
metallurgy and chemistry. This young man was 
elevated to instructor a year later and became assistant 
professor of metallurgy and chemistry in 1883. He 
was not to remain long in the field of chemistry, how- 
ever. In 1886 he became professor of metallurgy. 
Under the influence of President Thomas C. Chamber- 
lin, he turned his attention more and more toward 
geological fields. He became, successively, professor 
of mineralogy and petrography, professor of Archean 
and applied geology, and in 1892, after he had won the 
first Ph.D. granted by the University, professor of 
geology. Only 11 years later he became president 
of his alma mater, the only graduate of the institution 
to achieve that distinction. 

Organic chemistry was singled out for special rec- 
ognition in 1885 when Homer Winthrop Hillyer (1859- 
1949) was made instructor in that subject. A native 
of Wisconsin, he had received a B.S. at the University 
in 1882 and then earned a Ph.D. at Johns Hopkins 
where Ira Remsen had built up the foremost research 
laboratory of organic chemistry in this country. Hill- 
yer remained at Wisconsin for 20 years. When he 
left the academic world to become research chemist 
for General Chemical Company he was succeeded by 
William Frederick Koelker (1880-1911). The latter 
had just received his doctorate at the University of 
Berlin where he had been a student of Emil Fischer. 
Koelker’s promising career was cut short by his un- 
timely death in 1911. 
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At the onset of Koelker’s final illness, Richard Fischer 
(b. 1869) was added to the staff as professor of chem- 
istry. Fischer arrived in chemistry by way of phar- 
macy. Following graduation from the pharmacy course 
at Michigan, where he had been a student of Albert B. 
Prescott, he had served as instructor in pharmacy at 
Wisconsin between 1894 and 1898. Taking two years 
for study abroad, he spent a semester with Emil Fischer 
at Berlin and then completed his doctorate in phar- 
maceutical chemistry under Ernst Schmidt, authority 
on alkaloids, at Marburg. He returned to Wisconsin 
as assistant professor of pharmacy, a position he held 
until he joined the chemistry department in 1909. 
During the years between 1903 and 1909 he also served 
as State Chemist, a position which had been held by 
Professor Daniells between 1879 and 1883. 

Pharmacy also contributed to the inauguration of 
physical chemistry at Wisconsin by providing a place 
for Louis Kahlenberg (1870-1941) when he returned 


Louis Kahlenberg about 1898 


from Leipzig with his doctorate. Kahlenberg had 
shown such promise as an undergraduate at Wisconsin 
that he was made an instructor upon graduation in 1892. 
He earned his M.S. during the following year. His 
bachelor’s and master’s theses, carried out under the 
direction of Professor Hillyer, each resulted in a publi- 
cation. He then felt the need for European study and 
gave up his instructorship. At the end of two years 
at Leipzig, where he studied physical chemistry with 
Ostwald, organic chemistry with Wislicenus, physics 
with Wiedemann, and botany with Pfeffer, he received 
the Ph.D. summa cum laude. His dissertation, done 
in Ostwald’s laboratory, was an extension of his earlier 
studies on tartrate complexes with Hillyer. 

Upon returning to Wisconsin, Kahlenberg was told 
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1908. Headquarters of Chemical Engineering Department since 1905. 
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that the departmental budget did not permit his 


reappointment. A Canadian, Arthur P. Saunders, 
with a Ph.D. from Remsen’s laboratory, had been 
engaged as instructor when he left. 
fessor Kremers, Director of the School of Pharmacy, 


was able to find funds to appoint Kahlenberg instructor 


in pharmaceutical technique and physical chemistry. 


The next year Saunders left the University to under- 
take further study in Europe and Kahlenberg became 


instructor in physical chemistry. Within two years he 
became an assistant professor and the year 1900 saw 
his promotion to a full professorship. Upon the re- 
tirement of Professor Daniells in 1907 he became head 
of the department. 

The coming of Kahlenberg may be considered a 
milestone in the growth of the department.. Being 
a man of strong character, he never hesitated to voice 
his beliefs, ever when they were unorthodox. Though 
he left Ostwald’s laboratory enthusiastic for the Ar- 
rhenius theory of electrolytic dissociation, he soon be- 
came critical of the whole concept. He inaugurated 
research in his own laboratory on the properties of 
solutions, particularly nonaqueous solutions. Stu- 
dents began graduate work at Wisconsin. Azariah 
T. Lincoln, who became professor of chemistry at 
Rensselaer Polytechnic Institute and later at Carleton 
College, received the first Wisconsin Ph.D. in chem- 
istry in 1899. Herman Schlundt, who later became 
head of the department at the University of Missouri, 
received the second in 1901. Others followed and the 
reputation of Wisconsin as an institution for graduate 
study in chemistry began to grow. At the same time 
‘teaching was never slighted. Kahlenberg’s self-con- 
fidence, his tricks of emphasis, and his showmanship 
caused his lectures to remain alive in the minds of 
students long after the courses and even the names of 
other professors were forgotten.* 

New men were added to the staff. Victor Lenher 
(1873-1927), who had received his Ph.D. under Edgar 


3 Hatt, N. F., Trans. Wisconsin Acad, Sci., 39, 83-96 (1949); 
40, Part 1, 173-83 (1950). 


tory. Home of the Chemistry Department 1885-— 


However, Pro- 
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Fahs Smith at Pennsylvania, became assistant pro. 
fessor of general and theoretical chemistry in 1999, 
Francis Craig Krauskopf (1877-1947) was brought 
in as an instructor in February of 1906 on the recom. 
mendation of Wilder Bancroft of Cornell, under whom 
he was doing graduate work. Krauskopf mixed jp. 
struction with graduate work, earning his doctorate 
under Kahlenberg in 1909. James Henri Walton 
(1878-1947) was added to the general chemistry staf 
in 1907. He left a similar position at the University 
of Illinois which he had held since receiving his doe. 
torate at Heidelberg under Georg Bredig in 1993. 
Joseph Howard Mathews (b. 1881), a graduate of 
Wisconsin who had served as an assistant in physical 
chemistry in 1904-05, was added to the staff upon 
completion of his Ph.D. under T. W. Richards at 
Harvard. 


PHARMACEUTICAL CHEMISTRY 


The growth of pharmacy paralleled the growth of 
chemistry and showed at all times a strong emphasis 
on the chemical aspects of the subject. The College 
of Pharmacy was founded by action of the Board of 
Regents in 1883. 

President John Bascom, after consultation with 
his friend Ira Remsen, brought Frederick Belding Power 
(1853-1927) to Madison as professor of pharmacy 
and materia medica to head the department. Power 
had received a Ph.D. in 1880 at Strassburg where he 
had studied chemistry with Fittig and pharmacognosy 
with Fliickiger. He had been teaching for three years 
at his undergraduate alma mater, the Philadelphia 
College of Pharmacy, before coming to Wisconsin. 

Power was intensely interested in research and im- 
mediately inaugurated a program of student investigs- 
tion. He himself was an active investigator of the 
essential oils and alkaloids although his greatest fame 
rests with his later studies on the constituents of chaul- 
moogra oil. After nine years he left the University 


to become Scientific Director of Fritzsche Brother. 
In 1896 he became Director of the Wellcome Research 
Laboratory in London. 


He returned to his homeland 


Chemistry Building in 1905. Home of Chemistry and Pharmacy 
Departments. Extensive Additions made in 1913, 1928, and 1939. 
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in 1916 to take charge of phytochemical research in the 
[.$. Department of Agriculture. 

When Power left the University in 1892 to enter 
harmaceutical industry, Edward Kremers (1865-1941) 
was made director of the school of pharmacy. Kremers 
had come to the University soon after the course in 
pharmacy was inaugurated and received his diploma 
of Graduate in Pharmacy in 1886. Feeling that the 
ph.G. represented vocational training only, he remained 
at the University two years more in order to qualify 
for the more academic B.S. degree. There followed 
two years in Germany where he received the Ph.D. in 
1390 at Géttingen. His graduate work was done under 
Otto Wallach, the outstanding terpene authority of the 
time. Upon returning to Wisconsin, Kremers spent 
ayear as assistant in pharmacy and another as instruc- 
tor before being elevated to a full professorship upon 
taking over Power’s duties. What Kahlenberg did 
for chemistry, Kremers did for pharmacy. A four- 
year course leading to the B.S. degree was inaugurated. 
Graduate students began doing work in plant chemistry 
and the first Ph.D. was granted to Oswald Schreiner 
in 1902.4 
AGRICULTURAL CHEMISTRY 


Agricultural chemistry acquired the importance of 
departmental status in 1883 with the coming of Henry 
Prentiss Armsby. Agricultural aspects of chemistry 
had received recognition from the beginning of the 
University, however. Lathrop had acquired a loyal 
following among Wisconsin farmers during his profes- 
sorship of chemistry and natural science at Beloit 
College. He had been a popular lecturer on scientific 
agriculture, a contributor to the Wisconsin and Iowa 
Farmer, and an officer of the Rock County Agricultural 
Society and Mechanics Institute. In addition to his 
college duties and his medical practice he found time 
for the cultivation of a small tract of land and exhibited 
prize-winning poultry and garden produce at the Rock 
County Fair. His interest in scientific agriculture was 
a factor in his call to the state university (ref. 1). 

His successor, Carr, is known to have offered courses 
in agricultural chemistry. With the coming of Daniells 
there was a serious attempt to develop the agricultural 
offerings of the University. Organic chemistry, as 
offered in 1875, included the chemistry of germination, 
nutrition, vegetable growth, decomposition, fermenta- 
tion, and saponification. Agricultural chemistry cov- 
ered the composition of soils, manures, and crops, and 
the chemistry of the dairy. During this time Daniells 
also had charge of the University Farm. 

The first serious agricultural research was inaugu- 
rated in 1880 when agriculture and chemistry were 
severed. A Norwegian immigrant who had just 
graduated from the course in mining and metallurgy, 
Magnus Swenson (1854-1936), was appointed instruc- 
tor in chemistry. Although he may have assisted in 
the analytical laboratory his main role was that of 
research assistant to Daniells and the professor of 


‘Urpana, G., Trans. Wisconsin Acad. Sci., 37, 111-35 (1945). 


agriculture, W. A. Henry. As a senior, Swenson had 
upset the residents of Madison with his thesis, “The 
chemical analysis of Madison well waters,’? revealing 
cesspool pollution of the drinking water used in 96 per 
cent of the homes. His research project with the agri- 
culture department involved the extraction’ of sugar 
from sorghum cane. His extensive and systematic 
study received a $2500 award from the U. S. De- 
partment of Agriculture as the best thesis on sugar 
chemistry. At this same time he became persona non 
grata in Madison when a highly publicized demonstra- 
tion of the centrifugal separation of sugar crystals 
failed of its purpose and sprayed dark sorghum molasses 
over legislators, regents, faculty, farmers, and other 
invited dignitaries. Swenson accepted a position with 
a Texas sugar refiner. During the next 20 years he 
attained a notable reputation for his development of 
sugar processing machinery as well as other chemical 
engineering achievements.* 

Henry Prentiss Armsby (1853-1921), who came from 
the Connecticut Agricultural Experiment Station as 
professor of agricultural chemistry in 1883, had re- 
ceived his Ph.D. at Yale and followed this with study 
at Leipzig. He was at Wisconsin only four years 
when he was made director of the newly founded Penn- 
sylvania Agricultural Experiment Station where he 
carried out his extensive experiments on the respiration 
of large farm animals. Stephen Moulton Babcock 
(1843-1931) filled the vacant position. 


Stephen M. Babcock about 1897 


Babcock had been an instructor in agricultural chem- 
istry at Cornell for a year and chemist with the New 
York Agricultural Experiment Station at Geneva for 
six years before coming to Wisconsin. His doctorate 
had been earned under Hans Hiibner at Géttingen in 
1879 in the laboratory of the then aged Friedrich 
Wohler. In addition to his professorship of agricul- 
tural chemistry, Babcock also doubled as chief chemist 


5 HouGen, O., Norwegian-American Studies and Records, 10, 
152-75 (1938). 
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of the Wisconsin Agricultural Experiment Station and, 
after 1899, as assistant director of the station. 

While Babcock is probably best known for his in- 
vention of the test for fat in milk, his ideas on animal 
feeding were of major importance. He doubtéd that 
energy and protein values were adequate in planning 
animal diets. When he put some of his ideas to test 
on two heifers loaned by Professor W. L. Carlyle of 
the animal husbandry department the experiment 
was terminated prematurely when one of the animals 
died and the other was hastily recalled by the badly 
disturbed Carlyle. Babcock’s younger colleagues in 
agricultural chemistry were to bring such experiments 
to completion at a later time. 

Babcock’s only associate in the early days was Fritz 
Wilhelm Woll (1865-1922), a Norwegian who came to 
Wisconsin after receiving his B.S. at Royal Fredericks 
University at Christiania. He received an M.S. at 
Wisconsin in 1886 and was made assistant chemist of 
the experiment station when Babcock came to Wiscon- 
sin. Woll was made assistant professor of agricultural 
chemistry in 1893 and, after receipt of his Ph.D. in 
1904, became associate and finally full professor before 
he left the department in 1913 to become professor of 
animal nutrition at the University of California. 

Edwin Bret Hart (b. 1874) was brought to the depart- 
ment in 1906 when Babcock wished relief from some of 
his duties. Hart had been chemist at the experiment 
station at Geneva, New York, and had had graduate 
training at Marburg and Heidelberg under Kassel. 
William Edward Tottingham (1881-1944), whose 
specialty was plant chemistry, was brought from 
Geneva at the same time. Elmer Verner McCollum 
(b. 1879) took a Yale Ph.D. under Treat B. Johnson 
in 1906. After a year’s further study under Lafayette B. 
Mendel, McCollum became an instructor at Wisconsin. 
Before leaving in 1917 to become head of the bio- 
chemistry department at the Johns Hopkins School of 
Hygiene and Public Health, McCollum had arrived 
at his concepts of fat- and water-soluble vitamins and 
had undertaken vitamin studies on small laboratory 
animals. Harry Steenbock (b. 1886) became a gradu- 
ate assistant upon receiving his B.S. in 1908. William 
Harold Peterson (b. 1880) was made an assistant the 
following year when he came to Wisconsin with an A.M. 
from Columbia. Both men were made instructors in 
1910 while they were still doing graduate work under 
Professor Hart. Both remained with the department 
after receiving their doctorate, Peterson specializing 
in fermentation biochemistry, Steenbock in fat-soluble 
vitamins. 

In 1911 Hart, McCollum, and Steenbock, with 
George C. Humphrey of the animal husbandry depart- 
ment, published their classic study of the nutrition 
of cattle fed on rations consisting exclusively of parts 
of a single plant, a study which revealed that the sus- 
picions of Babcock were indeed justified. 

Babcock retired in 1913, but this did not mean that 
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he ceased working or being an influence. Almost up 
to the time of his death in 1931 he was a regular visitor 
to his laboratory. His jovial nature was phenomenal 
and his friendly interest, coupled with helpful sugges. 
tions, was continued inspiration to his younger ¢. 
leagues. 


SOILS CHEMISTRY 


The chemistry of soils received its start when Presi. 
dent Thomas C. Chamberlin brought Franklin Hiram 
King (1848-1911) to the University as professor of 
agricultural physics in 1888. King had been a student 
of Chamberlin some years earlier at the state normal 
school at Whitewater. After additional study at 
Cornell, King had served as professor of natural science 
at the state normal school at River Falls before coming 
to the University. During his 13 years at the Uni- 
versity he prosecuted a vigorous program of investiga. 
tion into the application of science to farm problems, 
While much of his work was physical rather than chen- 
ical he published ‘The Soil” in 1895 and was developing 
the interest in soil fertility which was to receive recogni- 
tion in later years. After he left the University he 
spent a turbulent three years with the Bureau of Soils 
in the U. S. Department of Agriculture, where he 
found himself in disagreement with the chemists and 
their theories on availability of fertilizer potassium. 
His connection with the Bureau was severed on account 
of publication difficulties. The travels in China which 
followed resulted in the well-received ‘Farmers of 
Forty Centuries,” an account of Oriental methods of 
maintaining soil fertility. 

‘Andrew Robinson Whitson (1870-1945) entered the 
department in 1899. As a Wisconsin undergraduate 
he had become interested in geology, and he followed 
Chamberlin to Chicago when that scientist resigned 
the University presidency to devote his whole time to 
geological teaching and research. At Chicago Whitson 
studied chemistry under Stieglitz, Alexander Smith, 
and Nef. 

At Wisconsin, Whitson became full professor and 
chairman of the department in 1901 when King left. 
The designation “agricultural physics’ was dropped 
in 1906 and the department of soils created to indicate 
the emphasis on soil science. Charles William Stoddart 
(b. 1877) was made instructor in 1904 and assistant 
professor two years later but left in 1910, a year after 
receiving his Ph.D., to become professor of agricultural 
chemistry and later dean at Penn State College. Emil 
Truog (b. 1884) became a graduate assistant after 
receiving his B.S. in 1909 and rose through the ranks 
to become head of the department upon the retirement 
of Whitson. 

Whitson quickly inaugurated a program of studies 
on soil fertility. With the assistance of Alfred Viviat. 


a chemist with the Agricultural Experiment Station, 
he proceeded with an extensive soil survey. Viviall 
soon went to Ohio State University as professor d 
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agricultural chemistry and later dean of the college of 
agriculture, but the studies on the chemistry of soils 
continued. 


PHYSIOLOGICAL CHEMISTRY 


The University gave early thought to the develop- 
ment of a program in the field of medicine. In 1856 
a department of medicine was created and staffed, 
Ezra Carr being named to the chair of chemistry and 
pharmacy. On account of finances and other diffi- 
culties the department failed to become operative. 
When Henry Barnard became chancellor in 1858 
there was much discussion of the importance of in- 
struction in the application of science to public health. 
David Boswell Reid (1805-63), a graduate of the 
University of Edinburgh, was appointed professor of 
physiology and hygiene and was also made director 
of a museum of practical science. Dr. Reid had come 
from the British Isles in 1855 with a reputation as a 
teacher of practical chemistry and author of several 
textbooks. He was also an expert on ventilation and 
had been active in the installation of an air-conditioning 
system in the houses of Parliament. In America he 
gave lectures on the progress of architecture in relation 
to ventilation and the preservation of health, under the 
sponsorship of the Smithsonian Institution and the 
Lowell Institute, before coming to the University in 
1859. 

Reid’s tenure at the University was terminated with 
the reorganization which followed Barnard’s resigna- 
tion from the chancellorship. With the onset of the 
Civil War, Reid became an army surgeon with the 
Union forces. He lost his life in 1863 as a result of 
illness contracted in line of duty. 

The scientific aspects of medicine received formal 
recognition during the next four decades only to the 
extent of setting up a premedical course. At the turn 
of the century the state began to recognize the need 
for increased facilities for medical training and a pre- 
clinical program was set up in the University. Com- 
plete training through the clinical years was not made 
available until after the completion of the Wisconsin 
General Hospital in 1924. 

With the inauguration of preclinical work in 1906, 
a department of physiology and physiological chemistry 
was formed. Joseph Erlanger was brought from Johns 
Hopkins to head the department. He remained only 
until 1910 when he took a similar position at Washing- 
ton University, St. Louis. Harold Cornelius Bradley 
(b. 1878) came to the campus in 1906 to take charge 
of instruction in physiological chemistry. Bradley 
had just received his Ph.D. at Yale under Lafayette 
Mendel. Along related lines was the work of Arthur 


Solomon Loevenhart (1878-1929), a Johns Hopkins 
M.D., who became professor of pharmacology and 
toxicology in 1908. 

These departments were housed in the upper floors 
of the Chemical Engineering Building until 1917, 
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when they were given space in Science Hall. Physio- 
logical chemistry was separated from the physiology 
department in 1921.° 


CHEMICAL ENGINEERING 


Chemical engineering started as a branch of electrical 
engineering. The head of that department, Professor 
Dugald Caleb Jackson, (1865-1951), was interested in 
developing the electrochemical phases of electrical 
engineering since electrochemical industries were under- 
going rapid growth toward the end of the nineteenth 
century. Charles Frederick Burgess (1873-1945) was 
made instructor in electrical engineering upon gradu- 
ating from the course in 1895 and entrusted with the 
development of applied electrochemistry. 

By 1898 a four-year course in applied electrochemis- 
try was offered, under the direction of Burgess in the 
department of electrical engineering. During the 
subsequent years the need for greater emphasis on 
applied chemistry began to be recognized. Magnus 
Swenson, now a prominent chemical engineer and in- 
dustrialist, who served as a regent of the University 
1905 to 1911, was foremost in encouraging the expan- 
sion of the offerings of the University in this field 
(ref. 5). In 1905 the regents authorized the inaugura- 
tion of a course in chemical engineering. Burgess was 
promoted to a full professorship of applied electro- 
chemistry and placed in charge of the courses in chem- 
ical engineering and applied electrochemistry which 
were now severed completely from the department of 
electrical engineering. In 1909 Burgess’ title was 
changed to professor of chemical engineering. He 
severed his connection with the University in 1913, 
when his industrial activities were requiring too much 
of his time. 

He had incorporated the Northern Chemical Engi- 
neering Laboratories in 1910 as a center for hisconsulting 
activities. The name was changed in 1915 to C. F. 
Burgess Laboratories. His work soon brought him 
into the dry cell business and he ultimately set up the 
Burgess Battery Company.’ 

The faculty of chemical engineering in 1905 consisted 
of Burgess, Assistant Professor Judson Dickerman, 
who handled the work in fuel technology and chemical 
manufacture, and Oliver W. Brown, who was instructor 
in applied electrical engineering and taught a course 
in illumination and photometry. The latter three 
men left the department before 1910. 

Oliver Patterson Watts (b. 1865), who completed 
his Ph.D. in 1905, was made an instructor in chemical 
engineering the following year. He has remained 
with the department up to the present time and even 


6 Oarway, W. H., Jr., “Progress of the University of Wis- 
consin Medical School. The Years Before 1923,”’ manuscript in 
the University of Wisconsin Medical School Library, undated. 

7 McQueen, A., “A Romance of Research. The Life of 
Charles F. Burgess,’ The Instruments Publishing House, Pitts- 
burgh, 1951. 
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after 14 years of retirement from teaching duties con- 


tinues to carry on research in the electroplating of met- 
als. Otto Louis Kowlake (b. 1878) became an assistant 
in the department in 1906 upon receiving his B.S. in 
applied electrochemistry. He became chairman of 
the department when Burgess left the University 
and left a long record of progress in the development of 
the department at the time of his retirement in 1948. 


GENERAL TRENDS 


This survey of chemistry at the University of Wis- 
consin, covering slightly more than a half century, 
marks the metamorphosis of a university. The original 
faculty, devoted to the broad cultural aspects of classi- 
cal education, was somewhat oblivious to the wants 
of a vigorously growing state. Five years elapsed 
before the chair of natural science was filled. The 
first occupants were M.D.’s who offered not only 
chemistry but a spectrum of science offerings. 

By the time of World War I the faculty was, in con- 
trast, a body of specialists offering a wide assortment 
of courses to satisfy the apparent needs of an economy 
utilizing the findings of science. Men holding the 
Ph.D. degree were now commonplace and graduate 
instruction was developing vigorously. A university 
offering no instruction in chemistry during the first 
years of its existence had grown into one offering not 
only a complete listing of fundamental courses but 


JOURNAL OF CHEMICAL EDUCATIOy 


having, in addition, five independent departments 
dealing with applied chemistry. 
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= IMPROVING VACUUM STOPCOCKS 


DurinG the setting up of high-vacuum distillation 
systems we have been considerably plagued by the 
extremely small holes in both the shell and the solid 


core of vacuum stopcocks. This, as is well known, 
greatly reduces the pumping speed in such a system, 
and, if several stopcocks are used, may vitiate the work 
of the researcher toward making the rest of his system 
of as large a bore as possible. The following directions 
may be of help to others in solving this problem. 
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Solid core, offset, vacuum stopcocks were used. The 
connecting tubing should lie on a straight line through 
the barrel as shown in the illustration. A small rattail 
file was moistened with a cutting compound composed 
of 62 g. of camphor and 90 ml. of turpentine in 45 ml. 
of ether and the holes in the barrel were carefully en- 
larged by twisting the file. 

In order to enlarge the hole in the solid core, a brass 
rod from a set of cork borers was tapered at one end for 
a distance of about 2in. The rod was placed in a low- 
speed drill press and the hole was drilled out using a 
slurry of number 120 carborundum and the aforemen- 
tioned cutting compound as the grinding medium. The 
stopcock was held in the hand and drilling proceeded 
alternately on one side and then the other. As the 


drilling progressed care was taken that the rod did 
not bind in the hole. 
about 20 minutes. 


The drilling of each hole required 
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* A CONSTANT-REFLUX-RATIO DISTILLING 


HEAD 


Aw ieroven constant-reflux-ratio distillation head 
has been designed which is especially suitable for ana- 
lytical work involving the fractional distillation of 
mixtures which boil below 0°C. The head described 
herein has the following desirable characteristics: 

(1) It can be used for both relatively high- and low- 
temperature distillations without the necessity of 
changing heads during the distillation. 

(2) A constant reflux ratio is obtained regardless of 
the distillation rate. Almost any ratio can be obtained 
by designing the head properly, and the ratio can easily 
be changed during the course of a distillation. 

(3) The head operates equally well under vacuum or 
atmospheric pressure. 

(4) The head is adaptable to precise distillations in- 
volving either homogeneous or heterogeneous distillates. 

(5) The temperature of distillation is accurately 
measured. 

(6) The head provides a cold distillate when low-boil- 
ing liquids are being distilled. 

Of the numerous distillation heads recorded in the 
literature, the two which seemed most desirable for 
fractional distillation of mixtures boiling below 0°C. 
were described by Berg! and Lloyd and Hornbacher.? 
Both of these have most of the advantages of a con- 
stant reflux-ratio head; however, when used for lower 
temperature distillations the ground glass joints be- 
come cooled by the condensate and freeze, and thus a 
change in reflux ratio is prohibited during the distilla- 
tion. The Berg head also suffers from the disadvantage 
that when used for vacuum distillations the safety vent 
at the top of the condenser must be connected by flex- 
ible tubing to the receiver, thus restricting the ease of 
rotation of the head when a change of reflux ratio is 
desired. 

The distillation head illustrated in the figure employs 
a 28-mm. (o.d.) cold-finger condenser which is attached 
to the body of the head by means of a 40/50 ground 
glass joint. When the condenser coolant is acetone or 
other organic solvent at dry-ice temperatures, the dead 
space between the ground glass joint and the condenser 
provides adequate insulation for the former and keeps 
it from freezing solid during the course of the distilla- 
tion. Any suitable stopcock grease may be used. 

In operation, the vapor condenses on the convex side 
(outside) surface of the cold-finger condenser, as well as 
on the concave end of the condenser. This end is con- 

' Bere, L., Ind. Eng. Chem., Anal. Ed., 18, 54 (1946). 
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structed so that the condensate which collects on the 
surface drains onto a number of tips. The size of the 
tip determines the reflux ratio. Any desired ratio may 
be obtained, and, if desired, vertical strips may be 
placed on the condenser tube in order to divide it into 
various surfaces. If vertical separator strips are not 
used, however, it is necessary to keep the condenser 
tube clean and smooth in order to prevent channeling. 
The enlarged section of the figure shows the circumfer- 
ence of the condenser end with a tip arrangement which 
will give reflux ratios of 1:1, 2:1, and 5:1 (amount of 
reflux: amount recovered). 

The condensate from the appropriate tip is collected 
in a small cup which leads through a 2-mm. bore stop- 
cock to a drop counter and thence to the receiver. To 
change the reflux ratio it is only necessary to rotate the 
condenser so that the tip which gives the desired reflux 
ratio is above the collecting cup. 

The vent tube is located below the 40/50 ground glass 
joint and is connected directly to the receiver take-off 
tube. This gives structural support to the apparatus, 
and no additional connections are needed for vacuum 
operation. 
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- The thermometer can be inserted, as shown, through 
a 10/30 ground glass joint. The shielded bulb method 


illustrated was considered most desirable, but other 
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types of arrangement are equally possible, ¢.g., an yp. 
protected thermometer bulb, a thermocouple well, o 
a closed thermometer well. 


SoMETIMEs a student wishes to standardize a sup- 
posedly determinate silver nitrate solution, either be- 
cause he suspects an error in its preparation or because 
he wishes to secure an additional check on the correct- 
ness of his work. He is usually offered for this purpose 
a commercial reagent-grade, alkali-metal halide whose 
effective purity may be much less certainly known than 
that of the silver nitrate he used. 

Most directions for the purification of these salts in- 

clude several recrystallizations from water. This is a 
time-consuming process, and, in addition, it is inher- 
ently incapable of giving a good yield of highly purified 
product. An alternate procedure involves precipita- 
tion of sodium chloride from its cold concentrated solu- 
tion with hydrogen chloride gas. This requires the 
construction of a hydrogen chloride generator, which is 
a nuisance. More important, however, is the fact that 
such a precipitation removes little, if any, of the potas- 
sium present in the original material. This paper de- 
scribes a method for the purification of sodium chloride 
which gives a 70.to 80 per cent yield of material with an 
effective purity of 100.00 + 0.01 per cent. 
One kilogram of reagent or c. p. sodium chloride is 
dissoived in about 2.8 liters of water at 90-100°C., and 
the solution is slowly cooled to room temperature with 
occasional stirring. Ten ml. of concentrated hydro- 
chloric acid is added, and the mixture is filtered through 
a medium-porosity, sintered glass funnel. The pre- 
cipitated material, which contains the insoluble sub- 
stances originally present, most of the potassium, and 
much of the bromide, is discarded. About 500 ml. of 
concentrated hydrochloric acid is added to the filtrate, 
which is then allowed to stand overnight, preferably 
with continuous stirring. The slurry is filtered as be- 
fore and the solid is washed three times with 100-ml. 
portions of 4 M hydrochloric acid. It is thoroughly 
air-dried by suction, and is finally dried at 180°C. in an 
oven permitting free access of air for not less than 24 
hours. If desired, the product may be dried further in 
an electric oven at 500°. Under these conditions, the 
loss in weight in 48 hours is close to 0.03 per cent, and 
seems to represent only water. 

A number of samples of sodium chloride thus pre- 
pared were analyzed for chloride gravimetrically after 
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drying at 500°. All of the precautions essential in very 
accurate work were observed, with the single exception 
that the solubility of the silver chloride in the mother 
liquor and the wash liquids was disregarded: this could 
hardly have caused an error greater than about 0.03 
per cent. After drying at 300°, the weight of silver 
chloride was found, from the mean of eight analyses, to 
be 2.4522 + 0.0003 times the weight of sodium chloride 
taken. The excellent agreement with the theoretical 
value of 2.4521 is partly due to the opposing effects of 
solubility errors and retention of water by the silver 
chloride. No differences could be detected between 
samples prepared from material sold by three manv- 
facturers. 

The product appeared to be entirely free from sulfate, 
calcium, magnesium, barium, bromide, and iodide ac- 
cording to the tests outlined by Kolthoff and Stenger.! 
Spectroscopic examination showed traces of lithium and 
zinc to be the only detectable metallic contaminants. 
Saturated solutions of several samples in freshly boiled 
distilled water of pH 6.6 had pH values between 63 
and 6.7, and thus contained no appreciable amounts of 
residual hydrogen chloride. Similar solutions prepared 
from material dried at 180° had pH values near 5.7, 
resulting from the retention of a trace of hydrogen 
chloride. This corresponds to, at most, 10~* mol per 
cent of hydrogen chloride, which is quite insignificant 
for nearly all purposes. 

Analyses of material secured by fractional precipita- 
tion with hydrochloric acid gave 100.01, 99.99, 100.02, 
and 100.00 per cent for the effective purities of the frac- 
tions prepared by the successive addition of four 125-ml. 
portions of acid. There thus appears to be no tendency 
for impurities to collect in any one fraction of the pre 
cipitated material. 

The original reagent-grade material corresponding to 
the product whose analyses were given in the last para 
graph, and the material which precipitated on cooling, 


were analyzed and found to contain 99.83 and 99.45 § 


per cent sodium chloride, respectively, after drying at 
500°. 
1 Kottuorr, I. M., anp V. A. STENGER, ‘‘Volumetric Analy- 


sis,” Interscience Publishers, Inc., New York, 1947, Vol. II, pp. 
251-2. 
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¢ DYNAMIC NUCLEAR REACTION MODELS 


Ar an annual open house of the University of Illinois 
at Chicago, the department of physical sciences ex- 
hibited to lay people two dynamic models illustrating 
nuclear chain reactions. Initially a unique mouse trap 
model illustrated controlled and uncontrolled multi- 
nuclear reactions while a model of an atomic pile por- 
trayed the practical use of the controlled nuclear re- 
action. 

The mouse trap model consists of several mouse 
traps so arranged and modified that the firing of one 
trap initiates the firing of one or two other traps, each 
of which is responsible for successive firings. The 
actual firing mechanism is a cork ball attached to the 
release levers of the traps; as the first trap is released, 
the released spring causes the lever and connected ball 
toswing back. It is this ball which sets off the second 
succession of traps. These secondary traps must be so 
interlocked as to achieve proximity of their releases— 
allowing both to be set off by the initiating trap. In- 
cisions are consequently made on the wooden base of 
the traps; these incisions—of two types—are illustrated 
for 90° and 120° divergencies in Figure 1. The place- 


ment of these arrangements within the model is shown. 
The multiplication effect increases through two, four, 
and eight traps—along eight separate paths. 
of these eight is designed for continuance. 
It is of value to examine the parallelism between the 
model and the actual mechanism of chain reactions. 
The spring simulates the energy of the splitting nuclei 


Only one 


Figure 1. Mouse Trap Model of Nuclear Chain Fission Reaction 


THOMAS E. VAN DAM, F. HOLLOWAY, LAW- 
RENCE SHAPIRO, and RAYMOND HECTOR 
University of Illinois, Chicago, Illinois 


Figure 2. Model of Atomic Pile 


and also imparts energy to the cork balls. These cork 
balls then in effect become fission neutrons. The ab- 
sorption of neutrons is illustrated by the seven dead 
paths, and the continuing eighth path with its several 
dead subpaths as multiplication is averted. 

The preparation of the traps and balls is evident from 
the figure. A flexible base to absorb shock (weather- 
board), two bolts per trap, and appropriate paint will 
tend to increase the effectiveness and life of the model. 
An additional refinement of loosening the trap springs 
will result in diminished striking force of the trap, and 
wear on the cork balls, releases, and lever arms is greatly 
lessened. 

This model is easier to construct than that of Sla- 
baugh.' It also permits faster (4 minutes) and more 
frequent loading, and illustrates both branched and un- 
branched nuclear reaction chains. 

The atomic pile is constructed from scrap lumber and 
standard electrical equipment. 

A wooden cube, partially cut away, is the primary 
step of construction. This cube (a bottom face is un- 
necessary) is made to resemble a concrete shell by the 
application of a suitable stucco-like paint (Serotex 
Brand). An insert cube to this shell is made of scored 


1 Stapauen, W. H., J. Coem. Epuc., 25, 679 (1948). 
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(by sawing) and flat black painted stock to simulate 
the carbon moderator blocks. This insert needs no 
bottom or back faces. Sections of aluminum painted 
doweling are inserted into drilled depressions on the 
face of this inner box. At least one dowel should be 
lengthy and actually inserted into the model. A cen- 
trally placed section of small bore doweling represents 
the entrance for chemicals to be irradiated in the center 
of the pile. Glass tubing filled with colored liquid and 
attached through the concrete shield suggests the cool- 
ing and heat transfer system of the pile. 
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The general nature and importance of the cadmiym 
control rods for real-life pile operation is illustrated by 
the following electrical feature. A ring stand steel rod 
employed as the control rod, may be lowered or raised 
through the core of an assembly of choke coils, with the 
concomitant change of current impedance affecting the 
brightness of a glowing light bulb and the deflection of 
an ammeter needle. Wired in series with the choke 
coils the lowering of the rod reduces the intensity of the 
light bulb and meter reading, simulating neutron ab. 
sorption and decrease of power of the pile. 


e BERTHOLD RASSOW 


Proressor Rassow, who at the age of 85isstill carrying 
on his full professorial duties at the University of Leip- 
zig, forms a living bridge between the present and an era 
of chemistry that has now practically passed into his- 
tory. 

Berthold Leopold Peter Rassow was born at Bergen 
am Rhein on October 2, 1866. His father was a dis- 
trict judge, who in 1879 was transferred to Leipzig as a 
member of the Supreme Court. After passing the 
Abiturientenexamen, which qualified him to enter a 
university, Rassow served as a one-year volunteer in the 
infantry at Leipzig. He then turned to chemistry, and 
studied at Berlin and Leipzig. In January 1889 he was 
appointed private assistant to Johannes Wislicenus and 
then teaching assistant. The Ph.D. was conferred at 
Leipzig in 1890. For further training Dr. Rassow went 
to Munich, where he spent two years under A. Einhorn 
and Adolf von Baeyer. In 1892 he returned to Leipzig, 
where he habilitated as Privatdozent in 1895. In 1901 
he was appointed Professor of Chemical Technology. 
When Wislicenus died (1902) and was succeeded by A. 
Hantzsch (1857-1935) in the fall of 1903, Professor Ras- 
sow became head of the newly created technological 
division. His life work had now begun, as he retained 
this post until 1939, even though he had reached the nor- 
mal retiring age in 1935. Literally speaking, no ade- 
quate replacement could be found, either then or when 
the University of Leipzig resumed operations after 
World War II. One of the salient features of his teach- 
ing in technology has been the extensive system of works 
inspections in which he conducts groups of students over 
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wide areas of Germany for periods of several weeks, and 
thus acquaints them with chemistry in large-scale ac- 
tion. 

Professor Rassow’s scientific publications have dealt 
largely with organic compounds, especially as they are 
related to dyes, dyeing, and textile chemistry, and te 
cellulose and lignin. Most of his many studies in this 
area served as doctorate dissertations, and have been 
published in the Berichte, the Journal fiir praktisch 
Chemie, and the Zeitschrift fiir angewandte Chemie. 

However, his activities have extended far beyond the 
walls of the laboratory. He was editor of the Zeitschrijl 
fir angewandte Chemie from 1904 to 1922; in this period 
the circulation as well as the scope of this important 
journal was approximately doubled. From 1907 to 
1922 he was general secretary of the Verein deutscher 
Chemiker; he was equally successful in this capacity, 
but the many office duties did not appeal to him. He 
therefore decided to devote himself again principally to 
teaching, research, and writing. 

He was scientific and executive secretary of the Ges 
ellschaft deutscher Naturforscher und Arzte from 189 
to 1938. He became particularly interested in the work 
of its educational committee, which later functioned 4 
the Deutscher Ausschuss fiir mathematischen und 


naturwissenschaftlichen Unterricht. The movement § 


for improving instruction in natural science and reintro- 
duction of biology teaching was quite successful. 

From 1912 to 1938 Professor Rassow, together with 
Paul Schmidt, and then with A. Lésche, edited the Wag- 
ner-Fischer Jahresbericht der chemischer Technologit. 
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From 1909 to 1938 he issued a series of “Technologi- 
shen Bilderbogen”’ designed for instruction in chemical 
technology. The well-known Fortschritte der chemi- 
schen Technologie (45 volumes) was under his editorship 
from 1922 on. From 1917 to 1939 he was managing 
editor of the Journal fiir praktische chemie and his name 
appears on the masthead of its successor, the Journal fiir 
makromolekuldre Chemie. 

As a recognized authority, he has prepared reports on 
chemical matters in many trials and has acted as expert 
for the Reichspatentamt, the provincial courts of Leip- 


77 


zig, Dresden, Berlin, and the Supreme Court at Leipzig. 

In 1931 he took over the very considerable task of re- 
vising Hermann Ost’s classic ““Lehrbuch der chemischen 
Technologie.”’ The 18th to 21st editions of “Ost-Ras- 
sow”’ were issued under his guidance, and the 22nd edi- 
tion is now in press. 

His varied and extensive activities have made Profes- 
sor Rassow one of the best known of the German chem- 
ists. His numerous friends in all parts of the world will 
be glad to learn that this lovable gentleman is hale and 
hearty and competently still meeting his many duties. 


a ELEMENTARY PHYSICAL CHEMISTRY AND MATHEMATICS 


AccorpInG to chemistry students, elementary phys- 
ical chemistry is the most difficult subject encountered 
at the undergraduate level. From the teaching ex- 
perience of himself and others, the author suggests 
certain main factors which contribute toward the fre- 
quent failures and consequent reputed difficulty which 
accompany an elementary physical chemistry course.” 

The essential cause of difficulty lies in the mathema- 
tical preparation of the students. Experienced phys- 
ical chemistry instructors resign themselves to the 
necessity of training each new group of students not 
only in the appreciation of certain mathematical con- 
cepts but even in the use of some of the more simple 
tools of mathematics. 

The more common mathematical difficulties are: 
(1) the use of logarithms, (2) the ability to recognize 
when integration is necessary, (3) the ability to recog- 
nize conditions under which integration is possible, 
and (4) the concept of the perfect differential. A 
few examples should suffice to indicate the general situa- 
tion. 

It appears that the teaching of logarithms by most 
mathematics instructors is concerned principally with 
methodology. The student is rarely required to ex- 
press a logarithm in a usable form, especially in the 
case of numbers less than unity. To be sure, logio 
0.0045 is 3.653, or even (heaven forbid!) 7.653 — 10, 
but if the numerical value of the logarithm is desired 
both forms are useless. Why are students not taught 
to obtain the usable answer, —2.347, in the above in- 
stance? Then, of course, antilogues present the re- 
verse of the same problem. 
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One simple instance will suffice to demonstrate points 
(2) and (3) above. Taking the expression dw = pdv, 
let us ask, when is it desirable to integrate such an 
expression and under what conditions is it possible to 
integrate? The student must be taught that it is 


necessary to integrate to obtain the total work along a 


prescribed path. The question of whether or not the 
expression can be integrated usually leaves the student 
ina quandary. At this stage in his education he should 
already know that integration is possible only if p is 
constant, or is an integrable function of v. This simple 
analysis of the equation, however, usually escapes the 
student whose calculus training has consisted of re- 
producing standard integrations with familiar variables. 
Such an approach on the part of calculus teachers and 
their textbooks has taken its toll of otherwise adequate 
students. The situation cited above is recurrent 
throughout physical chemistry. 

As to the fourth and probably greatest difficulty of 
the physical chemistry student—the perfect differential 
or its counterpart, the line integral—one feels that the 
students have never before encountered the concept. 
Adequate mathematical preparation at this point would 
make their grasp of elementary thermodynamics al- 
most automatic once the physical concepts were ex- 
plained. 

The teacher of physical chemistry should not have 
to teach elementary mathematics. We are in dire 
need of mathematics teachers who realize that mathe 
matics is designed to be applied. Mathematics for 
its own sake always leaves the student wanting in his 
preparation for anything but more mathematics. 


ij 


Ir ts the purpose of this paper to focus on some of the 
less well-known aspects of the work of William Prout 
(1785-1850) and of the hypothesis that bears his name.’ 


THE ORIGINS OF PROUT’S HYPOTHESIS 


When in 1816 Prout put forward the suggestion that 
all atomic weights were integral multiples of that of 
hydrogen, and that hydrogen may be considered the 
“protyle”’ of the ancients, the substance from which 
other elements are made, he remarked that the idea 
was “not altogether new.”* In the literature of the 
history of chemistry there has been considerable dis- 
cussion as to what Prout might have meant by this 
comment. Certainly Thomas Thomson was approach- 
ing the idea of integral atomic weights when in a paper 
in 1813 he noted that eight elements had atomic weights 
that were integral multiples of that of oxygen. How- 
ever it is probable that Prout was thinking of Sir 
Humphry Davy who, though not considering the ques- 
tion of relative atomic weights, had come very close to 
suggesting hydrogen as the primary matter. J. C. 
Gregory® and J. R. Partington® have briefly set out 
Davy’s ideas but in the knowledge of this author 
Davy’s views have never been quoted in detail.’ They 
appear near the end of his “Elements of Chemical 


this country. The page numbers refer to the Phila- 
delphia edition of 1812: 


We know nothing of the true elements belonging to nature; 
but as far as we can reason from the relations of the properties 
of matter, hydrogene is the substance which approaches nearest 


1 Presented before the Division of the History of Chemistry 
at the 119th Meeting of the American Chemical Society, Boston, 
April, 1951. 

2(a) An excellent paper by S. Glasstone, elucidating Prout’s 
original papers and discussing Prout’s hypothesis in its relation 
to the history of chemistry, appeared in J. Cuem. Epuc., 24, 
478-81 (1947). (b) Alembic Club Reprint 20, ‘Prout’s 
Hypothesis,’ Alembic Club, Edinburgh, 1932, contains not only 
the important papers by Prout, Stas, and Marignac but also a 
valuable historical introduction. 

Ann. Phil. 7,111 (1816). The paper is entitled “‘Correction 
of a Mistake in the Essay on the Relation between the 
Specific Gravities of Bodies in their Gaseous State and the 
Weights of their Atoms.” The original ‘Essay’ appeared 
the previous year, ibid., 6, 321 (1815). 

4 Ibid., 2, 114 (1813); see also ref. (2a). 

5 Gregory, J. C., “A Short History of Atomism,” A. & C. 
Black, Ltd., London, 1931, pp. 142-3. 

6 Chymia, 1, 120 (1948). 

7 Glasstone (ref. 2a) suggests that the views were never pub- 
lished, probably from reading Gregory. But it is clear from the 
agreement of Gregory’s material with Davy’s words that Gregory 
knew the original writings. 

8 Davy, Sir H., “Elements of Chemical Philosophy,” Brad- 
ford and Inskeep, Philadelphia, 1812, Part 1, Vol. 1. 


Philosophy’”* published in 1812 both in London and in 
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to what the elements may be supposed to be. It has energetig 
powers of combination, its parts are highly repulsive as to each 
other, and attractive of the particles of other matter; . . . [pp, 
274-5). 


His studies on ammonium amalgam suggested to him 
the composite nature of metals: 


On the most probable view of the nature of the amalgam from 
ammonia, as I have mentioned, it must be supposed to be com 
posed of hydrogene, azote, and quicksilver; and it may bem 
garded as a kind of type of the composition of the metals; and 
by supposing them and the inflammable bodies different com. 
binations of hydrogene with another principle as yet unknow 
in the separate form; all the phenomena may be easily accounted 
for, and will be found in harmony with the theory of definite 
proportions [p. 275]. 

Even if it should be ultimately found that oxygene and hydro 
gene are the same matter in different states of electricity, or 
that two or three elements in different proportions constitute all 
bodies, the great doctrines of chemistry, the theory of definite 
proportions, . . . must remain immutable; the numbers repre 
senting [the substances now considered as primary elements] .., 
would probably be all found to be produced by the additions of 
multiples of some simple numbers or fractional parts [pp. 278 


9}. 


The last part of this section must have suggested 
strongly to chemists that they analyze the character. 
istic weights of the elements to see whether simple 
mathematical relations could be found among them. 
It may well have been the stimulus that led Prout to his 
hypothesis of integral atomic weights. The passage is 
the more remarkable since Davy was only interested in 
combining weights, for he was doubtful, as we have 
seen, whether chemists had discovered as yet any true 
elements. 

It is interesting that Prout himself doubted the valid- 
ity of the whole atomic theory. In his Gulstonian 
lectures on the ‘Application of chemistry to physiology, 
pathology and practice’ in 1831 he had suggested that 
the atomic theory was a “conventional artifice, exceet- 
ingly convenient for many purposes but [one] which 
does not represent nature.’’? He believed that the se 
called “‘atomic weights’’ may merely be members of s 
ries of the type 3, 6, 9, 12, 15 and that other members @ 
the series may be found in other chemical comb: 
nations of the substance. This view is criticized by 
Daubeny” who shows that Prout’s view has the same 
consequences as Dalton’s law of multiple proportion 
and is therefore an unnecessary complication. 
defends himself in a communication at the end of Dat 
beny’s book. It is here that Prout states his view that 

* DauBeny, C., “An Introduction to the Atomic Theory; 


J. Murray, Oxford, 1831, p. 62. 
10 Tbid., p. 44. 
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perhaps the ultimate unit of matter is not hydrogen but 
some still smaller particle." 

Davy was intrigued by the possibility of a single pri- 
mary matter manifesting itself in so many different 
forms: f 


There is, however, no impossibility in the supposition that the 
same ponderable matter in different electrical states, or in dif- 
ferent arrangements, may constitute substances chemically dif- 


ferent [p. 278]. 
[The idea of elements being] different arrangements of the 


energetic 
S to each 


- +. [pp same particles of matter . . . [has been] sanctioned by the author- 
ity of Hooke, Newton, and Boscovich. . . [p. 279]. 
to him Probably the greatest controversy has centered on the 
claim made by Professor J. L. G. Meinecke of Halle in 
1816 that Dalton himself had anticipated Prout.” 
zam from f§ The question is discussed in detail in Alembic Club Re- 
) be com print No. 20 (ref. 2b) in which the authors of the Intro- 
ductory Section'* come to the conclusion that Mein- 
ent com. @ ecke’s claim had no basis in fact. Now Meinecke 
unknown @ never explicitly suggested that the elements were con- 
ccounted stituted of hydrogen as the primary matter, nor did he 
f definite # claim that Dalton held this belief. He claimed that 
1d hyd there was no need to refer to Prout when suggesting 
ricity, or that atomic weights (called ‘“‘Antheile’”’ by him) were 
titute all # integral multiples of that of hydrogen since “according 
f definite § to Dalton, all stoichiometric magnitudes are multiples 
a by whole numbers of the value of hydrogen.’’ 
litions o@ Dalton believed that atoms were indivisible and he 
pp. 278 therefore could not conceive of hydrogen as the primary 
matter. But this does not dispose of the problem, for a 
type of Pythagorean number mysticism has often ap- 
ggested peared in science and has at times received considerable 
aracte-@ confirmation from the strikingly simple mathematical 
Simple jaws that describe many natural phenomena. Con- 
z them® sidering the simplicity of the atomic theory and its 
it to his power in correlating divers chemical phenomena, it 
Ssage 8 would not have been difficult to believe that the num- 
ested inf bers representing the relative weights of the atoms also 
ve have obeyed simple laws. ’ 
ny true Meinecke’s claim receives strong confirmation from 
valid passages in Thomas Thomson’s “History of Chemis- 
e valid- 


try.”"* After quoting from his notes taken at a dis- 
cussion with Dalton in 1804 that “the ultimate par- 
ticles of all simple bodies are atoms incapable of fur- 
ther subdivision’? he proceeds to discuss Dalton’s 
atomic weight table of 1804 containing integral and 
half-integral values. A few pages later he comes to 
the 1808 table appearing in Dalton’s “(New System of 


Istonian 
siology, 
‘ed that 
exceet- 
] whieh 
the 


Chemical Philosophy’’® on which he comments: 
n Hers 

combi The following table shows the atomic weight of the simple 
ized bry dies, as he at that time had determined them from the best 
1€ Salt " Tbid., p. 129; this passage is quoted in ref. (2a). 
or tions Ann. Physik, new series, 24, 162 (1816). 

Prout * Kenpau, J., Proc. Roy. Soc. Edinburgh, A, 63, 1 (1949- 
of Davi 50), reveals that he and L. Dobbin were the authors of this 

section. 

ew thal “ Tuomson, T., “History of Chemistry,” H. Coburn and R. 
Theory oad London, 1831, Vol. 2, pp. 289-94. Also ibid., 2nd ed., 


“Daron, J., “New System of Chemical Philosophy,” R. 
Bickerstaff, London, 1808, Vol. 1, Part i, p. 219. 
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analytical experiments that had been made. ... He had made 
choice of hydrogen for unity, because it is the lightest of all 
bodies. He was of opinion that the atomic weights of all other 
bodies are multiples of hydrogen; and, accordingly, they are all 
expressed in whole numbers. He had raised the atomic weight 
of oxygen from 6.5 to 7, from a more careful examination of the 
experiments on the component parts of water. [Italics mine. ] 


It is almost inconceivable that this was an error of 
memory on Thomson’s part. Thomson had published 
one of the earliest printed accounts of Dalton’s atomic 
theory in the third edition of his “System of Chemis- 
try.”* As editor of the Annals of Philosophy he kept 
in close touch with chemical developments and wrote 
frequent reviews on the progress of chemistry. He was 
an ardent supporter of Prout’s hypothesis and devoted 
much time to analytical studies which proved to his 
satisfaction the validity of Prout’s view.” 

It is strange that Thomson does not even mention 
Prout’s hypothesis in his ‘‘History of Chemistry.’”’ He 
mentions the papers that led to the hypothesis only in 
connection with their significance in correlating volume 
relations and the atomic theory."* The reason for his 
silence is probably Berzelius’ attack on Thomson’s ana- 
lytical work as being valueless.” In Berzelius’ eyes 
Prout’s hypothesis had no reliable evidence to support 
it. Thomson ends his “‘History’’ with a short explana- 
tion of his own work, admitting that some of it had not 
been too accurate. He continues to have the highest 
respect for Berzelius: “It is to his labours chiefly that 
the great progress which the atomic theory has made is 
owing.’’”° 

If Dalton did believe in integral atomic weights he 
did not believe in them for long, for in 1810 his table 
again contained some nonintegral values.*! Taking 
Thomson’s account as accurate, one must explain Dal- 
ton’s references in 1808 to certain combining weights as 
being ‘“‘nearly” whole numbers as a recognition of cur- 
rent experimental results being in disagreement with 
the whole-number theory. Thus: “Water is a binary 
compound of hydrogen and oxygen, and the relative 
weights of the two elementary atoms are as 1:7, 
nearly.”’??. This would agree with Meinecke’s state- 
ment that Dalton believed in integral atomic weights 
“without, however, calculating these values accurately 
by the aid of available analyses.”’?* Meinecke flattered 
himself as having found integral atomic weights by the 
most careful investigation of all available analyses. 
This would exonerate Meinecke somewhat for making 


16 Tuomson, T., “System of Chemistry,” 3rd ed., G. Bell and 
Sons, Edinburgh, 1807, pp. 424-9, 451-2. The section is re- 
printed in Alembic Club Reprint No. 2, “Foundations of the 
Atomic Theory,” University of Chicago Press, Chicago, 1911, 
p. 42. 

1 Tuomson, T., “An Attempt to Establish the First Prin- 
ciples of Chemistry by Experiment,” Baldwin, Cradock and Joy, 
London, 1825. 

18 Ref. (14), Vol. 2, p. 300. 

19 Jahresber., 6, 77 (1827); quoted in ref. (2a). 

” Ref. (14), Vol. 2, p. 305. 

21 Darton, J., op. cit., 1810, Vol. 1, Part 2, p. 560. 

22 [bid., 1808, Vol. 1, Part 1, p. 215. 

23 J. Chem. Physik, 27, 46 (1819). Translated in ref. (26), 
p. 11. 


use of Prout’s and Thomson’s values without mention- 
ing them, since he clearly states that he used all avail- 
able data. 

PROUT AS EXPERIMENTER ; 

Since Prout’s hypothesis was enunciated on the basis 
of very incomplete data, and since later analyses showed 
the idea of integral atomic weights to be untenable as 
first formulated, it is common to think of Prout as a man 
of great speculative ability but of little experimental 
skill. Prout may have helped to foster this prejudice 
by prefacing his first paper (ref. 3) with a disclaimer as 
to his experimental ability (ref. 2a). 

This view of Prout can be partly countered by point- 
ing to his scientific achievements, including the dis- 
covery of hydrochloric acid in the stomach,‘ of uric 
acid in boa constrictor excrement (1815) and of murex- 
ide (1818), and his development of urine analysis and 
organic combustion analysis (1815-27). 

Perhaps even greater confirmation of his scientific 
ability can be obtained from the references to Prout’s 
work in the writings of other scientists of his time. 

When F. Wohler performed his classical synthesis of 
urea he required the most authoritative analysis of 
natural urea in order to prove the identity of the two 
products. Of the available reports of analyses he chose 
Prout’s as probably the most accurate.2> When in 1830 
Berzelius reported on Wohler’s synthesis he too used 
Prout’s data in discussing the results.” 

Edward Turner, who in 1829 was delegated by the 
British Association for the Advancement of Science to 
inquire into and report on the question of Prout’s hy- 
pothesis, mentions that Prout had remarked to him the 
- evolution of hydrogen chloride when fusing even the 
most carefully purified silver chloride. This was con- 
firmed by Turner.” 

But perhaps the most decisive testimony comes from 
Berzelius in a rather amusing connection. In his an- 
nual report on chemical progress for 1834 he states that 
Prout had reported at a recent Oxford Scientific Con- 
ference a difference in the specific gravity of air before 
and during the cholera outbreak in London. Then fol- 
lows the significant comment: “From a less able ob- 
server than Prout, I would not have considered it 
worth while even to mention this result here.’ This 
is high praise indeed when compared with his scathing 
attack on Thomas Thomson some years earlier as an 
investigator from whom science can derive no advan- 
tage whatever (ref. 19). 


24 Ann. Phil., 24, 117 (1824). 

* Ref. 2a, and Partinetron, J. R., “A Short History of 
Chemistry,” The Macmillan Co., New York, 1937, p. 213. 

26 Ann. Physik Chem., [2], 12, 88 (1828). The passage ap- 
pears in translation in WHeTHAM, W. C. Damprer, “(Cambridge 
Readings in the Literature of Science,’’ Cambridge University 
Press, Cambridge, 1924, p. 215. 

2 Jahresber., 9, 266 (1830). 

% Rept. Brit. Assoc. Advance. Sci., 1833, 400. 

29 Jahresber., 13, 52 (1834). ‘Von einem weniger guten 
Beobachter als Prout, wiirde ich es nicht fiir der Miihe werth 
gehalten haben dieses Resultat hier nur zu nennen.” 
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MODIFICATIONS TO FIT NONINTEGRAL ATOMIC 
WEIGHTS 


The growing weight of evidence throughout the nine. 
teenth century that atomic weights relative to hydro. 
gen were not integral by no means saw the end of 
Prout’s hypothesis as a fertile source for speculation, 

I shall by-pass in this account the better known sug. 
gestions that the fundamental mass unit may be q 
particle smaller than hydrogen, and also Crookes’ byijl- 
liant anticipation of isotopes. It was C. Marignac in 
1860 who first tried to account for deviations from inte. 
gral or half-integral values by suggesting a modification 
of the law of gravitation.*® He saw Prout’s hypothesis 
as a limiting law similar to the ideal gas laws, with de. 
viations caused by complicating factors. His sugges. 
tion was that the cause that determined particular 
groupings of the primordial matter to form our atoms, 
also “exercised an influence on the manner according to 
which these groups of primordial atoms would obey the 
law of universal attraction, in such wise that the weight 
of each group might not be exactly the sum of the 
weights of the primordial atoms composing it.”’ 

A suggestion for the reason for expecting such a modi- 
fication appears in a book by George Rudorf, a student 
of Sir William Ramsay, entitled “The Periodic System, 
Its History and Significance for Chemical Theory.”" 


We know that the atoms mutually attract each other in the 
molecule; if an atom is a complex of “protyles,” then we must 
assume that the protyles also attract each other in the atom 
The force of cohesion between the protyles is very large compared 
with their weight; therefore it may—and probably does— 
influence the weight of a system of protyles. With molar quan 
tities this attraction is extremely small; therefore, considering 
our ignorance of the nature of gravitation we have no right to 
assume that the weight, as we measure it, of n protyles isn 
times as great as that of one protyle. For it is likely that the 
Newtonian laws, which apply to molar quantities, do not hold 
rigidly when we deal with molecules; this has been pointed out 
by Pearson. 


These speculations found their fulfillment in the dis 
covery of the packing effect. 

Lothar Meyer put forward a different solution 
Commenting on Marignac’s speculations he suggests 
the admixture of a ponderable ether to the primordial 
matter :*? 


It is conceivable that the atoms of all or of many elements 
are essentially composed of smaller elementary particles of one 
primordial matter, perhaps of hydrogen, but that their weights 
do not appear as rational multiples of each other because 
addition to the primordial particles, greater or smaller amounts 
of .. . luminiferous ether, which may not be devoid of all weight, 
may enter into the composition of atoms. 


%” Bibliotheque Universelle (Archives), 9, 97 (1860). For the 
relevant portions of Marignac’s paper see ref. (2b). 

31 Ruporr, G., “Das periodische System, seine Geschichte 
und Bedeutung fiir die chemische Systematik,”’ translated from 
the English, L. Voss, Hamburg and Leipzig, 1904, p. 271. __ 

32 Translated from Meyer, Loruar, “Die modernen Theoriel 
der Chemie,” 6th ed., Maruschke and Berendt, Breslau, 18%, 
Book 1, p. 124. 
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Meyer’s idea was incorporated into W. Preyer’s 
“Genetic System of the Chemical Elements.” In the 
introduction he states his hope that :** 


_,. the hypothesis of the derivation of the elements of high 
atomic weight from those of lower atomic weight and finally 
from one extremely finely divided primordial matter, or from 


% Translated from Preyer, W., ‘‘Das genetische System der 
chemischen Elemente,” R. Friedlinder und Sohn, Berlin, 


1893, p. iv. 
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hydrogen, or from hydrogen and the universally distributed 
ether .... may soon... . claim the rank of a theory. 


This theory died with the modern recasting of physics 
which has discarded the ether concept, but the foregoing 
suggestions show the tenacity with which an idea is held 
even when disproved in its original form. Since Prout’s 
hypothesis has been resurrected in the form of our 
knowledge of isotopes, it looks as though one should be 
as cautious about discarding a plausible theory as in 
putting forward a new one. 


a A PERIODIC TABLE SHOWING THE RELATIVE SIZES OF ELEMENTS 


AND THEIR IONS 


Tue useful and instructive 
correlations which can be 


JOSEPH KLINGENBERG and LeROY SPRINGMAN 


Xavier University, Cincinnati, Ohio 


drawn between the sizes of 
atoms and ions and their ‘ PERIODIC TABLE ead 
physical and chemical prop- TT TT 
sented by Campbell and Aromec lense 
others.'~* These generaliza- Me Mc | A 
tions are especially useful in » 
taching the periodic rela- Gis|;ryvie : 
they are simple, logical, and » Te Re Ral Ps 
readily visualized. At least 4 ele @ 
which the influence of 
atomic size on _ periodic 2 = 

A periodicchartrepresent= le 


ing the relative sizes of 
atoms and ions is a desira- 
ble teaching aid but is not 
readily available. Consequently the chart represented 
in the figure was constructed by a student at this univer- 
sity as a senior thesis project. 

The following indicates the details of construction and 
cost of the chart. A 4 by 6 ft. plywood board '/, in. 
thick is painted with 19 '/,-in. black vertical stripes 
2/, in. apart. Eight horizontal stripes are painted in 
similarly, each separated by 4in. The stripes are most 
conveniently painted by use of masking tape. Portions 


'CampBELL, J. A., J. Cuem. Epuc., 23, 525 (1946). 
*CampBELL, J. A., ibid., 25, 559 (1948). 
*Garrert, A. B., ibid., 25, 544 (1948). 
‘Keirer, R. N., ibid., 28, 312 (1951). 
Mack, E., A. B. Garrett, J. F. Haskins, ANp F, H. VERHOEK, 
‘Textbook of Chemistry,” Ginn and Co., Boston, 1949. 


of the stripes are omitted to conform to the contour of 
the modern periodic table. This can be readily seen in 
the figure. The whole board is coated with a clear 
varnish and trimmed so as to leave a small margin be- 
yond the outermost stripes. This is to accommodate a 
l-in. molding which gives the board strength and rigid- 
ity. 

A scale of 1 em. equal to 1 A. was adopted to cal- 
culate the sizes desired for the wooden balls. Balls 
representing atoms were painted white for metals, black 
for nonmetals, and gray for amphoteric elements; balls 
representing ions were painted black for cations and 
white for anions. All were fastened to the board by 
screws from the rear. 
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THE CONCEPT OF RESONANCE ENERGY 
IN ELEMENTARY ORGANIC CHEMISTRY’ 


Tue teacher of a first-year organic chemistry course, 
who desires to impart a knowledge of the elements of the 
electronic theory of organic chemistry to his students, 
is faced with the problem of doing so in a way which 
offers some scope to their reasoning ability rather than 
requiring them to memorize an accumulation of data. 
Since elementary organic chemistry is generally taught 
in the second or third year of college, the question is 
how to present the electronic theory nondogmatically 
on a level adequate for sophomores or juniors. 

There would be no problem in teaching electronic 
theory if we could rely on quantum mechanics, but we 
cannot take it for granted that the average first-year 
organic chemistry student has quantum mechanics suffi- 
ciently at hiscommand. Therefore we inevitably have 
to make certain dogmatic statements and ask our stu- 
dents to take our word for them and accept and absorb 
them like experimental facts. The question is: shall 
we go to extremes and treat the entire electronic theory 
as something that has to be memorized, or shall we, and 
can we, try to keep dogmatic statements to a minimum 
and derive as many facts as possible by reasoning. The 
latter course is obviously desirable; it is my contention 
that it is also possible. 

Resonance is one of the more difficult concepts for 
the beginner in organic chemistry to absorb, and in view 
of what was just said of his acquaintance with quantum 
mechanics it will help him little to be told that a wave 
function which is a linear combination of two or more 
other wave functions may correspond to a lower energy 
level than any of the component wave functions. But 
no knowledge of quantum mechanics is required in order 
to understand that the C—C distance in benzene is 
intermediate between the single bond distance and the 
double bond distance for carbon. That all C—C bonds in 
benzene are identical is simply a matter of deduction 
from the chemical properties of benzene, particularly 
from the absence of ortho isomerism. It is likewise no 
strain on understanding to learn that amides have acidic 
properties while amines are basic, or that chlorine in 
vinyl chloride or chlorobenzene is something very differ- 
ent from chlorine in ethyl chloride, and that the mole- 
cules of amides, of vinyl chloride, of benzene, and of 
many other substances can be best described by a 
simultaneous combination of two or more structures 
rather than by a unique structure. 

This empirical approach to resonance is quite acces- 


1 Presented before the Division of Chemical Education at 
the 119th Meeting of the American Chemical Society, Boston, 
April, 1951. 


ALEXANDER GERO 
Villanova College, Villanova, Pennsylvania 


sible even to beginners and gives some scope to thei 
reasoning ability. It is therefore quite properly 
stressed by all textbooks for first-year organic chemis. 
try. 

But it is a different story when it comes to the concept 
of resonance energy. This is simply stated as a fact 
to be memorized. Let me quote from a few standard 
textbooks: 


Lowy, Harrow, AND APFELBAUM (1): “The possibility of 
several electronic arrangements for the same atomic layout js 
connected with increased stability.” 

Conant AND Buatt (2): “Whenever there is a possibility of 
resonance between two electronic structures . . . the compound 
is more stable than it would otherwise be.” 

Fuson ANb-SnypDER (3): ‘Resonating molecules are always 
more stable than would be expected from an examination of 
their structural formulas as ordinarily written.” 

FIESER AND Freser (4): “A... consequence of resonance is 
dissipation of energy, or thermodynamic stabilization.” 

Wertuerm (5): “The molecule is more stable than would be 
expected.”? 

WILLIAMS AND Hatcu (6): 
garded as. . 
either.” 

Mutpoon (7): ‘Compounds that resonate are characterized 
by stability.” 


“The true structure may be re 
. a resonating hybrid which is more stable than 


More examples could be quoted but the foregoing is 
representative of the dogmatic statements found in al 
most all textbooks. Those texts which do not present 
resonance energy dogmatically either do not present it 
at all (8) or use the concept without explaining it (9). 
Yet it would be possible to derive the entire concept d 
resonance energy by reasoning from experimental data, 
just as the concept of resonance can be so derived. 

In the following I would like to give a presentation 
of how I attempt to go about arriving with my students 
at all the facts concerning resonance energy by a prot 
ess of reasoning which is perfectly within reach d 
beginners of organic chemistry. 

We base our discussion on two fundamentals. Oneis 
the chemical approach to resonance which defines res 
nance in terms of intermediate structures as an expres 
sion of experimental results; the other is the concept of 
energy levels and the greater stability of a lower energy 
level. To chemists and chemical engineers who learned 
physical chemistry at the same time as organic chemi 
try, such ideas as free energy, entropy, and probability 
distribution are quite familiar. But even premedieil 
students know how to drive and know that their cal 
will roll downhill on an incline if they shift into neutral 
and release the brake. It is easy to generalize from 
this commonplace experience to the statement that all 
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physical systems if left to themselves will seek out the 
lowest energy level accessible to them. We drive this 
home thoroughly before resonance is ever mentioned. 
Then, having made clear on a number of examples that 
resonance means that the properties of the actual mole- 
cule are intermediate between the properties we would 
read off from any of the component structures, we raise 
the question of the energy content of the resonance hy- 
brid. Using the diagram shown in the figure, in which 
energy levels are represented on the ordinate axis and 
f, and E, are the energy levels of two contributing struc- 
tures I and II (for the sake of simplicity we discuss 
only the case of a hybrid of two structures), we ask the 


students: Where in the diagram should the energy level 
E of the hybrid be represented? The first reaction of 
most students, after having been indoctrinated on the 
properties of the hybrid as intermediate between those 
of the component structures, is, of course, to say that E 
is intermediate between E, and E, (dotted line); but it 
is easy to show that this is a fallacy by calling on the 
second of our fundamental principles, which would re- 
quire the molecule to change from the hybrid state to 
state I if the energy level of the latter (#,) were lower 
than that of the hybrid (Z). In this case obviously 
structure I would represent the molecule exclusively 
and there would be no resonance. If there is resonance 
—as we are led to postulate from experimental evi- 
dence—it is also a necessary logical conclusion that E, 
the energy content of the hybrid, must be lower than 
E,; resonance energy, and the greater stability of the 
hybrid, follows as an inevitable corollary of the concept 
of resonance. 

Next we proceed to an inquiry into the importance 
of the relative contributions of the contributing struc- 
tures. To this end, we imagine that EZ, is moved up on 
the y axis to ever higher energy levels. Always relying 
on our second fundamental principle, we conclude that 
concurrently structure II becomes more and more im- 
probable and its contribution to the state of the mole- 
cule less and less important. In the extreme case the 
contribution of structure II is zero, the molecule is com- 
pletely represented by structure I, and we are dealing 
with a nonresonating molecule. Without resonance, 
there is, of course, also no resonance energy. We now 
reverse what we did before and imagine EZ, coming down 
on the y axis; as E, comes closer to E;, the contribution 


of structure II to the state of the system, 7. e., its reso- 
nance with all its corollaries (its resonance energy, in 
particular) increases. The maximum resonance and 
the maximum resonance energy are attained when EF, 
and E, exactly coincide: resonance and resonance 
energy are at a maximum if the energy levels of the 
contributing structures are identical, a case which cer- 
tainly arises when the two structures are identical. 

We now suppose that there is a third contributing 
structure. We repeat our earlier reasoning, substitut- 
ing the hybrid for structure I and the third contributing 
structure for structure II. We arrive by the same 
logical steps at the conclusion that the contribution of a 
third structure necessarily requires an energy level even 
lower than E, and likewise for each contributing struc- 
ture: the more structures contributing to the state of 
the molecule the greater its resonance energy. 

Thus we are able to achieve the gratifying result that 
we can derive the concept of resonance, as well as all 
the most important statements about its bearing on the 
energy of the hybrid, and the influences which make 
for maximum resonance energy, by plain reasoning 
from experimental facts and from fundamental laws of 
physics and physical chemistry. Nobody claims, of 
course, that such reasoning can be a substitute for quan- 
tum mechanics and the insight it affords. But if we 
are faced with the choice of either forcing our students 
to learn quantum mechanics when they are not ready 
for it or making them accept dogmatic statements 
handed down from esoteric regions which must forever 
remain closed to them, it is pleasant to be able to find a 
third alternative which gives the student the satisfac- 
tion of arriving at all the elementary essentials by his 
own reasoning powers. 
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TRACER ISOTOPES IN BIOCHEMISTRY 


In SCIENCE, as in other fields of endeavor, the faith 
of persons in its future is quite varied. A well-known 
Frenchman once made statements to the effect that 
there are certain topics of a scientific nature concerning 
which the human race will forever be constrained to 
ignorance. Unfortunately he saw fit to illustrate his 
remarks by taking as an example the topic of the chem- 
ical constitution of the stars. Not long afterward, the 
new science of spectroscopy was introduced. 

The men who developed radar probably conceived 
of it in its similarity to radio or as a navigational device. 
I doubt that they ever thought of it at first as an instru- 
ment which might be used for chemical analysis. 

Similarly, back in the early 1900’s when J. J. Thom- 
son was performing his experiments with the positive 
rays which enabled him to determine atomic masses, I 
am sure he was not thinking of the intermediary metab- 
olism of the sterols or of the length of life of the hemo- 
globin cell in the blood stream. Yet when Thomson 
tested ordinary neon with his positive ray apparatus 
and found results which could be explained only by the 
assumption of the existence of two neons with distinct 
masses, he was laying the cornerstone for a powerful 
technique in the attack on problems in biological 
chemistry. 

Thomson was an important man in his time. So 
much so that a well-known American physicist speaking 
before the American Physical Society about 15 years 
ago and referring to the prerelativity, prequantum 
theory, “common sense” era of physics, called it the 
“Vintage of J. J. Thomson.” 

We seem to have come a long way since the ‘‘Vintage 
of J. J. Thomson.” The word, “isotope,” is now a 
household word among scientists of all kinds. The 
positive ray apparatus of Thomson, modified by other 
experimenters such as Aston and Dempster into the 
modern mass spectrographs, has been employed re- 
peatedly to investigate the chemical elements. More 
than 250 naturally occurring isotopes have already been 
identified and over twice this number have been in- 
duced by bombarding atomic nuclei with rapidly mov- 
ing particles (1). 


ISOLATION AND DETECTION 


In 1919 Rutherford produced oxygen of mass 17 by 
bombarding ordinary nitrogen with alpha particles. 
This is a stable isotope. Radioactive isotopes are fre- 
quently produced by particle bombardment, as in the 
production of P® by bombarding aluminum with an 
alpha particle. The phosphorus disintegrates into 
Si® by emitting a positron. 
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The particles used for bombardment include protons, 
deuterons, neutrons, and alpha particles. Electrons 
are too light in mass to do the requisite damage. The 
charged particles can be accelerated by devices such as 
the linear accelerator or the cyclotron, thus making the 
bombardment more effective. Neutrons, being with. 
out charge, cannot be accelerated by electric or mag. 
netic fields and must be used when produced in order 
to get them at high speeds. If slower neutrons are de. 
sired, material to check their speed can readily be intro- 
duced. Neutrons can be produced, for example, by 
allowing alpha particles to strike nuclei of beryllium, 
It so happens that the atomic pile reactions involve nev- 
tron bombardments of uranium. Such a pile, while 
limited to neutron bombardments, is nevertheless 4 
more intense source of isotopes than the cyclotron (i), 
Some isotopes are not obtained in elemental form but 
occur within compounds. Carbon 11 which is used in 
biochemical research is obtained from boron or boron 
oxide by bombardment with deuterons (2). The 
carbon is produced in the form of boron carbide or of 
the oxides of carbon. 

On the whole it can be said that modern isotope pro 
duction and separation is a result of the discoveries of 
the neutron, heavy hydrogen, and artificial radio 
activity in the 1930’s and the development of the cyclo- 
trons and atomic piles which followed (3). 

Isotopes, to be useful in biochemical research, must 
be later detected in body materials or excreta. The 
radioactive isotopes are easier to detect in minute quan- 
tities than are the stable isotopes, but have the dis 
advantage in that too much radioactive material may 
be harmful to the organism. In addition the half-life 
of radioactive substances imposes time limits which 
make the use of certain isotopes prohibitive. Stable 
isotope detection is reasonably sensitive, however. 
Amino acid samples with a 50 per cent increase of the 
stable isotope N* can be diluted 20,000 times before it 
escapes detection (4). 

Carbon 11 has a half-life of 20 minutes (2), yet this 
isotope is often used biochemically due to the fact that 
tests for radioactive isotopes are generally sensitive 
enough to follow them for 5 to 7 times the duration of 
the half-life (4). A decay curve should be plotted fora 
separate sample of the isotopically labeled material 
while the experiment is going on. Where more that 
one radioactive isotope is present in the experimental 
material a mixed decay curve is needed, which will 
automatically be produced by the control material from 
which the curve is obtained (6). 

Many isotopes have more convenient half-lives than 
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does C''.. There is an iron isotope with a half-life of 47 
days and one of sulfur with 80 days (4). 

Apparently the organism cannot distinguish between 
these isotopes. Ordinary tap water contains deute- 
rium in a 1 to 5000 ratio with protium (the hydrogen of 
mass 1) and since water from animal organisms has been 
found to have the same density as tap water, there is no 
evidence of isotope discrimination on the part of the 
animal (6). 

Since organisms make little or no distinction between 
jsotopes, it is evident that isotopically labeled materials 
must be isolated by nonbiological means. Fortunately 
there are several properties, largely physical in nature, 
with respect to which isotopes differ. The mass spec- 
trograph itself has been adapted to isotope separation. 
Of course the very process of isotope detection which 
was used by Thomson and his followers involves the 
separation of isotopes, but in such minute quantities as 
to be of value only in making photographic records. 
Since 1941 this so-called electromagnetic method of 
separation has been improved so that actual samples of 
the isolated isotopes may be collected (7). The yield 
is still not high, however. 

The majority of the methods used for isotope separa- 
tion are statistical in action. They depend upon prop- 
erties in which the isotopes differ soj slightly that a 
clear-cut separation is not possible; but a variation in 
isotope composition between two samples may be ob- 
tained and by a repetitious procedure almost any degree 
of purity may be attained. Statistical methods have 
the disadvantage that the number of repetitions needed 
for any useful degree of purity islarge. Included in this 
category are the diffusion methods, distillation, elec- 
trolysis, and methods of chemical exchange. 

The gaseous diffusion method was demonstrated in 
1896 by Lord Rayleigh and was used by Aston in the 
first partial separation of isotopes (neon) (7). Com- 
plete neon separation was later obtained by others using 
this method, but recycling the separated gases back 
through the diffusion membranes (7). This method 
depends on Graham’s law which states that the speeds 
of diffusion of gases are inversely proportional to the 
square roots of the molecular weights. 

The thermal diffusion method was introduced for this 
purpose in 1938 by Clusius and Dickel in Germany (7). 
They used a vertical tube with a wire along the axis 
which was kept 600°C. hotter than the tube walls. 
Material may be fed to such an apparatus in either the 
gaseous or liquid state (8). 

Tall cylindrical centrifuges may be used to produce 
isotope separation (7). Heavy molecules will increase 
in the region around the periphery and light molecules 
near the axis. Fractional distillation can be employed 
for the separation of light and heavy water as the boil- 
ing points differ by 1.4°C. (7). The two water isotopes 
can also be separated by electrolysis. An increased 
concentration of heavy water has been found in cells 
used for the commercial production of hydrogen and 
oxygen by electrolysis (7). 

While the gaseous diffusion and electromagnetic 


methods were particularly used for the separation of 
uranium isotopes in connection with the. atomic bomb 
they are limited in usefulness when it comes to isotopes 
of biochemical value (8). A very satisfactory method 
for these is that of chemical separation. Hydrogen, 
carbon, nitrogen, oxygen, and sulfur compounds have 
been produced in this manner (8). A chemical ex- 
change method is involved. In simple exchange re- 
actions between compounds of two different isotopes, 
the equilibrium constant is not exactly one (7). In the 
catalytic exchange of hydrogen atoms between hydro- 
gen gas and water, the water will contain three or four 
times the heavy hydrogen concentration that will be 
found in the hydrogen gas in equilibrium with it (7). 

In the detection of materials labeled with isotopes, 
just as in their isolation, the biochemists need the assist- 
ance of the physicists. All isotopes can be separated 
by means of the mass spectrometer. Hence the pro- 
portion of the different isotopes can be detected by this 
means whether the isotopes are radioactive or stable. 
In the case of the radioactive isotopes, however, the 
detection is easier and more sensitive when methods 
utilizing the emitted radioactivity are employed. 
Such methods involve the use of the electroscope, elec- 
trometer, or Geiger-Miiller counter. Radioactive iso- 
topes may emit alpha, beta, or gamma rays and in some 
cases positrons. But most artificially produced radio- 
active isotopes used in medical experiments happen to 
emit beta rays (9). Some emit gamma rays in addi- 
tion. Biochemists are consequently interested in beta 
and gamma ray detection. 

As beta rays which are electron streams pass through 
air or other gases they ionize the atoms or molecules 
with which they collide. Each particle ionized splits 
into one positive and one negative ion. Under normal 
temperature and pressure conditions, 50 to 150 ion pairs 
are formed as the beta particle or electron traverses 
each centimeter of its path (9). The length of the beta 
ray path is nearly independent of the material through 
which it passes (9). Beta rays are detected electrically 
by the magnified charge resulting from all the ion pairs 
produced. The ray is allowed to pass through the gas 
in an ionization chamber which is attached to an electro- 
scope or an electrometer in such a manner that the 
electroscope will deflect in proportion to the charge 
present in the chamber. Some electroscopes are sensi- 
tive to 10 beta rays per second through the ionization 
chamber (9). While the simplest electroscopes operate 
at atmospheric pressures, it is possible to increase the 
sensitivity by having the ionization chamber kept at 
an elevated pressure. More ion pairs will thus be pro- 
duced. With argon in the chamber at 60 pounds per 
square inch above atmospheric pressure, an electrom- 
eter can be increased in sensitivity by a factor of 5 to 
10 (9). 

A greater increase in sensitivity results from the use 
of a cylindrical ionization chamber which has nega- 
tively charged walls containing a positively charged 
axial wire. This apparatus is sealed and the voltage 
between electrodes kept at one or two thousand volts 
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according to size and spacing and to pressure and na- 
ture of enclosed gas (9). This is the Geiger-Miiller 
counter. A single electron will cause a discharge be- 
tween electrodes. These discharge pulses are weak but 
are amplified by electronic tube amplifiers and the 
number of pulses are either counted directly by an elec- 
trical counter or counted as multiple units by the use of 
a scaling circuit (9). A counter of this type was first 
tried in 1908 by Rutherford and Geiger (10). Korff 
tells of one laboratory which exhibits a fork and a spoon 
suspended in the air and having a potential difference 
between them. This emphasizes the bare essentials of 
a Geiger counter, so to speak. One merely needs two 
electrodes at different potentials with some gas between 
them. 

The increased sensitivity of the Geiger-Miiller counter 
over the electroscope or electrometer is that the sec- 
ondary electrons, or those produced by the beta rays as 
they ionize the gas, will themselves act to produce fur- 
ther ionization (10). 

If the radioactive material to be detected is itself a 
gas, it is introduced directly into the counter in the 
presence of argon and alcohol (9). If a liquid is to be 
examined the counter with a thin-walled glass jacket is 
immersed in it. And if the material to be tested is in 
solid form it is placed directly in contact with a thin 
mica window at one end of the counter. Counters for 
liquids or solids may contain hydrogen or helium. The 
helium is common because it can be kept at atmospheric 
pressure while using an electrode potential difference 
which is lower than with other suitable gases. 

The counter should be standardized periodically and 
the background radiation (mostly cosmic rays) should 
be determined and corrected for (4). 

Gamma rays can be detected as are beta rays because 
of their production of ionization and hence of secondary 
electrons (9). Gamma rays being electromagnetic 
waves will, of course, not be detected directly by this 
type of apparatus. Should it be necessary to use a 
radioactive substance which emitted neutrons, these 
could be counted by a Geiger-Miiller counter filled with 
boron trifluoride gas (11). Neutrons striking the boron 
will result in the emission of alpha particles which can 
then be detected by ionization. 

Ionization will not be produced by stable isotopes and 
one must resort to mass methods. The mass spectrom- 
eter is commonly used for stable isotope detection. 
Theoretically the isotopic composition of an element 
could be determined by atomic weight determinations 
of the mixture. This requires much time and labor 
and samples of large size, which even then are not sensi- 
tive to small isotopic variations (12). A sample of 0.5 
ml. of nitrogen is, on the other hand, sufficient for mass 
‘spectrometer analysis (11) and the spectrometer is 
sensitive to 1 per cent (12). The sensitivity is effec- 
tively decreased to 3 per cent by impurities present in 
‘the reagents used to treat the material (12). 

N® is frequently used as a label. Organic com- 
pounds containing this nitrogen are changed to nitrogen 
‘gas by first getting the nitrogen into ammonia by the 


JOURNAL OF CHEMICAL EDUCATION 


Kjeldahl process and transforming this into nitrogen by 
the following process (12): 


2NH,* + 3BrO- + 3Br- + 2H+ + 3H.0 


The nitrogen is then introduced into a vacuum tul 
containing the mass spectrometer. 

Certain organic substances are sometimes determined 
quantitatively by adding an isotopically labeled sample 
of the compound to the material being studied. 4 
sample of the desired substance is then isolated by chem. 
ical means. The increase in proportion of labeled jgo. 
tope in the isolated sample should not differ from its 
proportion in the unisolated part of the material singe 
ordinary chemical methods do not distinguish betwee, 
isotopes. The amount of the original substance in the 
original mixture (y) can then be determined (13) from 


the equation: 
x 


where z is the amount of labeled material added, (Cy is 
the isotope content above normal of z, and C is the iso- 
tope content above normal of the isolated sample. A 
sample of from 5 to 100 mg. is needed for this analysis, 

A new technique discovered during the war may be 
useful in making biological studies with stable iso 
topes. It was found that atmospheric gases absorb 
certain radar wave lengths and that microwave trans 
mitters and receivers can be designed to form a micro- 
wave spectroscope for the detection of the absorption 
spectra of these gases (14). This apparatus can now be 
used with samples of skin, hair, or nails to detect iso 
topes from their microwave absorption spectra. 

A method suitable for the detection of deuterium or 
heavy hydrogen depends upon a difference in refractive 
index between ordinary and heavy water (15). This 
difference is 0.00462 for the D line of sodium at 20°C. 
This method is accurate to 0.02 per cent in the Zeiss 
interferometer providing the percentage of deuterium 
in the sample multiplied by its weight in grams exceeds 
0.2. 

An even more sensitive method depends on the differ- 
ence in density between ordinary water and _ heavy 
water (density 1.1079) (15). A density change can be 
determined to 0.5 part per million which corresponds to 
0.0005 per cent deuterium, by observing the position of 
a float through a microscope. 


ISOTOPES IN METABOLISM STUDIES 


In metabolism studies, the aim is to follow through 
the body various substances which were labeled before 
ingestion. The use of rare isotopes for labels has 
proved to be the ideal technique since, in general, the 
body does not discriminate between isotopes. Label- 
ing by using compounds differing from the usual ones 
by the addition of extra methyl or halogen groups has 
been tried but found unsuccessful as the body treats 
such derivatives in a different manner from their re 
lated compounds (6). 

Isotopes useful in metabolism studies include the rare 
stable isotopes, H?, C'*, N*, and 0"; the long-lived 
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radioactive isotopes, H*, C'4, P*?, and S* (16); and to 
some extent the short-lived radioactive C'' (17). 
Where both radioactive and stable isotopes of the same 
element are available, each can be used separately as a 
check on the other. This can be done, for example, 
with and C™. 

Radioactive isotopes are limited in use by the pres- 
ence of nuclear isomerism (16). An unstable nucleus 
may exist in two or more isomeric forms with different 
radioactive properties. Br* has one half-life of 4.4 
hours and another of 18 minutes. The former changes 
to the latter which then changes to krypton. Co has a 
half-life of 10.7 minutes and another of 5.3 years. Most 
of the former decays to form the latter but some of the 
10.7-minute variety will decay directly to nickel as 
does all of the 5.3-year variety. When one nuclear iso- 
mer goes to the other form it may be ejected completely 
from the chemical compound because of recoil from the 
energy of a departing gamma ray. This energy may be 
great enough to break the chemical bond. 

Synthetic optically active compounds are racemic 
mixtures. Since the optical isomers differ in solu- 
bility, a separation can be effected and such a separation 
may be desirable as it permits the use of only the na- 
tural isomer (13). 

Inorganic tracers are useful, although sometimes less 
interesting than those of an organic nature. Micro- 
scopic amounts of boron, manganese, and copper can 
be studied and detected by using labeled samples (3). 
The absorption of iron in mammals has been studied and 
it is known that iron which enters the mouth in the 
ferric form is reduced to ferrous in the jejunum and ab- 
sorbed in the intestinal mucosa where it combines with 
protein to form ferritin. It is stored as such but is in 
equilibrium with an oxidized form of iron (ferric) in the 
blood. Radioactive phosphorus has also been used 
in the investigation of inorganic metabolic processes 
(18). 

The organic part of a compound is generally labeled 
either as to nitrogen or carbon. Deuterium which re- 
mains attached to a carbon atom may be used as a car- 
bon label. Occasionally both the carbon and the nitro- 
gen in the same molecule may be labeled, as in the mul- 
tiple labeling technique of Schoenheimer and his col- 
laborators (16). S* has been used as a label for sulfur 
containing amino acids and proteins (17). O' in OH 
groups of organic compounds is stable and can be used 
as a label, but in ketone groups it is unsatisfactory as it 
exchanges with the oxygen in any water which may be 
present (19). 

Among the carbons, C', which is a radioactive iso- 
tope of long half-life, is becoming most important. 
Unfortunately the rays emitted are too soft to detect 
with a Geiger-Miiller counter held externally to the 
body as with C"!, but there is no time limit (17). 

In using deuterium as a carbon label, one is somewhat 
limited by the differences in carbon-hydrogen bond 
strength with different hydrogen isotopes. The deu- 
terlum-carbon bond is stronger than that of carbon 
with ordinary hydrogen (16). Carbon-deuterium 
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bonds in amino acids have been found stable enough 
for metabolic studies (20) despite a slow exchange with 
hydrogen of water which was found in some cases (2/). 
The carbon-hydrogen bonds in fatty acids and sterols 
are also generally very stable (20) although these sub- 
stances, when isolated from animals which had drunk 
heavy water, were found to contain some deuterium 
(21). Nevertheless the fatty acids and sterols will not 
exchange carbon-bound hydrogen with water even when 
heated for prolonged periods in the presence of acid or 
alkali. Labile hydrogen as in the COOH, OH, NHz, 
and CHO groups will exchange with water and there- 
fore such groups should not be labeled with deuterium 
as a carbon label (6). 

Gaseous nitrogen has been found not to exchange with 
that in ammonia and the nitrogen of one amino acid 
will not exchange with another amino acid in aqueous 
solution at 100° (79). 


ISOTOPIC COMPOUND FORMATION AND RECOVERY 


In the recovery of isotopic compounds, care in avoid- 
ing contamination is not necessary (5). Contaminants 
will contain the ordinary isotopic ratios. The recovery 
process may be difficult when the labeled material is 
widely dispersed in the tissues. In such cases the sepa- 
ration may be assisted by adding a quantity of non- 
labeled material of the same chemical nature. 

It may be of interest to examine the preparation 
methods for a few of the labeled organic compounds used 
in biochemistry. Lactic acid labeled with the short- 
lived radioactive isotope C' has been prepared using 
the labeled carbon both in the carbonyl] group and in the 
alpha or beta position. The former is prepared by the 
reactions (2): 

C0, K NH; KCUN 


KCUN + CH;CHO — CH;CHOHC'N 
CH;CHOHC"N + H:0 CH;CHOHC"O00OH 


and the latter as follows (2): 


Naz:CO; + BaCl, BaCO; + 2NaCl 
Na,C"'0; + BaCl, BaC"O; + 2NaCl 
BaC"0; + BaCO; + Mg— BaCC"+ MgO 

BaCC" + H.O HC=C"H 
HC=C"H + H,0 — CH;C"HO 
HC=C"H + H.0 ~ C"H;CHO 

CH;C"'HO + KCN — CH;C"'HOHCN 

C"H;CHO + KCN — C"H;CHOHCN 


CH;C"HOHCN + CH;C"'HOHCOOH 
C"H;CHOHCN + H.0 — C'"'H;CHOHCOOH 


Radioactive samples of alpha ketoglutaric acid are 
obtained from incubation of liver tissue with pyruvic 
acid in the presence of radioactive carbon dioxide (22): 


CO: COOH 
+ 
CH; — CH, 

do 
boon oon 


Deuterium gas is produced by electrolysis of a dilute 
solution of deuterium sulfate (sulfuric acid with heavy 
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hydrogen) in heavy water (15). The substances to be 
hydrogenated with this deuterium must be in the form 
of esters or other derivatives in which there is no labile 
hydrogen. 

Amino acids containing isotopic nitrogen may be ob- 
tained by the catalytic hydrogenation of alpha keto 
acids in the presence of labeled ammonia or by the 
coupling of alpha bromo esters with labeled potassium 
phthalimide (23). 


RESULTS OF ISOTOPIC STUDIES 


A complete statement of the results would be too ex- 
tensive for this paper. Some typical studies involving 
fats, carbohydrates, amino acids, and sterols are in- 
cluded. 

Fat studies have been accomplished by labeling the 
fat carbons with heavy hydrogen. The so-called deu- 
terated fats were prepared by catalytic hydrogenation 
of such unsaturated fats as linseed oil (22). The hy- 
drogen used contained a high concentration of the heavy 
isotope. Mice were fed the labeled fats for several 
days before being killed. Fat deposits in the body were 
later burned to determine the percentage of heavy hy- 
drogen in the water formed. Most of the deuterium 
was found in fat deposits and very little in other tissues. 
A small amount was found in the form of heavy water in 
body fluids (24). 

Interesting carbohydrate experiments have been car- 
ried out with C'!'. About two hours were consumed in 
preparing a sodium lactate labeled with this isotope 
(25). The material was fed to rats for 2.5 hours before 
they were killed. The air expired from the lungs was 
examined for evidences of radioactivity during life. 
Such radioactivity was detected very soon and increased 
during the second and third half hours of feeding, al- 
though the period of greatest radioactivity differed from 
animal to animal. It was still present when the ani- 
mals were killed. The liver glycogen was then isolated 
and tested and the results found to support a hypothe- 
sis of the mechanism: of glycogen formation (26). It 
had been predicted according to this hypothesis that 
glycogen from rats fed with carboxy] labeled lactate 
should contain half as much C™ as that from rats fed 
with alpha or beta labeled lactate. 

Studies involving labeled carbon dioxide are ob- 
tained by injecting rats with radioactive bicarbonate. 
C" has been used here as a label. When fasted rats 
were fed lactic acid by stomach tube and injected with 
the radioactive bicarbonate, there was evidence of the 
appearance of C!! in glycogen of the liver, but not in 
muscle glycogen (27). The scientists who conducted 
these experiments concluded that muscle and liver gly- 
cogen were of a different origin and did not exchange 
between themselves. On the other hand when the 
radioactive carbonate was injected into fasted rats 
which were being fed glucose, there was a little C'! in the 
muscle glycogen as well as a larger portion of it in the 
liver (28). The results of the experiments on the for- 
mation of liver glycogen have led to the hypothesis that 
the different chemical substances which cause an in- 


JOURNAL OF CHEMICAL EDUCATIO, 


crease in liver glycogen may be considered interchange. 
able if they are capable of being brought into engy- 
matic equilibrium in the body with pyruvic acid. If jg 
the pyruvic acid which condenses with carbon dioxide 
to start the formation of glycogen (27). 


O O 


O 
CO, + cu.CcooH 
Oxalacetic acid 


A number of important phenomena characteristic of 
amino acids and proteins have been discovered or sub. 
stantiated by isotope experiments. It is evident that 
amino acids may replace each other in body proteins, 
This may occur because of a complete breakdown and 
resynthesis of the protein, or a replacement of amino 
acids involving the opening and closing of peptide link. 
ages, or because of chemical changes taking place at the 
nitrogen-containing groups (29). It has not been pos. 
sible to ascertain which type of reaction is taking place. 
The stable isotope N™ is generally used as a nitrogen 
label. In a 10-day experiment involving the feeding of 
tyrosine labeled in this way, 25 per cent of the N™ was 
found in the proteins as tyrosine and 75 per cent had 
evidently been transferred to other amino acids (80), 
In a three-day experiment with labeled leucine, it was 
found that there was a considerable replacement of leu- 
cine in proteins by new leucine molecules (29). _Thirty- 
two per cent of the labeled leucine was found in the 
proteins. More must have been introduced into the 
proteins as some of it was no doubt itself replaced. 
Some of the alpha amino nitrogen was transferred to 
other amino acids. By labeling the leucine with deu- 
terium as well as N* it could be determined that some of 
labeled leucine had accepted nonlabeled nitrogen from 
other amino acids. Continuous chemical processes are 
occurring to a considerable extent in tissue proteins 
even under conditions of nitrogen balance. 

Rats are able to utilize dietary ammonia in the form 
of ammonium citrate for amino acid and creatine syn- 
thesis. Some of the labeled nitrogen from such experi- 
ments has been found in arginine but entirely in the 
guanidine group (22). When the arginine was sepa 
rated into ornithine and ammonia with strong alkaline 
hydrolysis, all labeled nitrogen was in the ammonia. 
When creatine with N in the amidine group was ad- 
ministered, the creatinine formed from it was isolated 
from urine. It contained the N™ in the same position 
in the amidine residue. Creatine from the muscles was 
found to contain N’ in the amidine group when arg 
nine with N* in the amidine group had been fed. 
When N* glycine was used, the muscles also contained 
N® but this time it was not in the amidine group. 
Evidently the amidine group is stable. 

When creatine formation involves methionine labeled 
with heavy hydrogen in the methyl group, it is still 
found in the methyl group of the creatine (22). Methi- 
onine labeled with radioactive sulfur has been given to 
animals. It can later be found in cysteine and cystine 
which are isolated from the tissues. 

In addition to creatine and arginine, glutamic acid, 
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aspartic acid, histidine, and lysine have been isolated 
from animals fed with ammonium citrate (22). Glu- 
tamic and aspartic acids displayed evidence of high 
metabolic activity by the high isotope concentration 
which they contained (37). All other amino acids 
studied had significant N' concentration with the ex- 
ception of lysine (22). Lysine is an exception probably 
hecause it does not undergo deamination. In another 
experiment deuterium was introduced into the body 
fluids of mice and amino acids later isolated (27). All 
acids isolated contained carbon-bound deuterium with 
again the exception of lysine. It is interesting that the 
amount of deuterium in these isolated acids was higher 
than found in vitro by an exchange with heavy water at 
elevated temperatures. The deuterium in the acids 
from the rats was stable and probably not due to an ex- 
change reaction with heavy water but to a deamination 
and reamination, or to enzymatic reactions in which the 
carbon-bound hydrogen is labilized. 

Labeled benzoic acid given to mammals was detoxi- 
fied by being coupled with glycine in the formation of 
hippuric acid (32). This reaction took place in the ab- 
sence of dietary glycine but the tolerance for benzoic 
acid was increased when dietary glycine was present. 
The amount of glycine furnished by the animal was 
greater than the amount in the body and was apparently 
synthesized by the animal. 

It will be fitting to conclude this paper with a group 
of studies carried out to test a theory advanced by 
Schoenheimer, Rittenberg, and Graff according to which 
the biological conversion of cholesterol to coprosterol is 
not a direct hydrogenation of the double bond, but in- 
volves first an oxidation to cholestenone followed by a 
reduction to coprastenone and a further reduction to 
coprosterol (33). This is in agreement with the labora- 


tory process. 
CHs/ Cis Ha CH; Hao 
\ 
Cholesterol Cholestenone 
CH; Cis Heo CH;/ Cis Ha 


(YY A 


Coprastenone Coprosterol 

The feeding of unlabeled coprastenone and choleste- 
none may produce an increase in the excretion of co- 
prosterol without being involved in the reaction (33). 
Both deuterium-labeled cholestenone (34) and co- 
prastenone (33) have been fed to dogs in separate ex- 
periments. In each case the coprosterol excreted con- 
tained deuterium. Cholesterol can be separated from 
coprosterol by brominating the former, which is un- 
saturated (35). In the brominated condition it will 
not be precipitated by digitonin. The coprosterol, 


being saturated, will not be attacked by the bromine 
and will be precipitated by the digitonin. 
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Acrnover his grandfather and father were profes- 
sional soldiers, Louis Hackspill did not inherit a 
taste for arms. His teacher in the secondary school 
had awakened an interest in chemistry, and his under- 
standing father permitted him to set up a laboratory 
in the summerhouse at the foot of their garden in 
Versailles. Here young Hackspill and several of his 
classmates met on Thursdays and Sundays to repeat 
the demonstrations which M. Fontaine used to illus- 
trate his lectures on chemistry, and to perform other 
experiments including, of course, some involving 
explosive mixtures. 

After Hackspill (born at Paris, May 3, 1880) finished 
the lycée in 1898 he took courses at the University of 
Paris and also enrolled in the “Enseignement pratique 
de la chimie appliquée,” which had been organized 
three years previously by Friedel, and which afterwards 
became the Institut de Chimie of the University of 
Paris. He was awarded the diploma of ingénieur 
chimiste in 1903 by the Institut de Chimie appliquée, 
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then headed by Moissan who, appreciating his promise, 
gave him the post of private préparateur in his own 
laboratory. Moissan, then at the height of his glory, 
was submerged in administrative duties; he was rarely 
seen in the laboratory, which was essentially headed by 
P. Lebeau. Here Hackspill learned how research jg 
really conducted. After Moissan’s death in 1907, 
Hackspill accepted the post of préparator to Pechard, 
with whom he worked at the University of Paris until 
1913. When he came to Pechard, the latter said: 
“My laboratory man has had long practical experience 
in preparing demonstration experiments. Let him do 
it, he can get them ready far better than you can. 
Accordingly, you may devote the major part of your 
time to research. That is all I ask of you, but it will 
be necessary for you to work and produce.” The 
doctorate was awarded by the University of Paris in 
in 1907, and the Docteur és Sciences in 1912. 

In 1913, Dr. Hackspill was named to the chair of 
chemistry at the University of Nancy. Ten months 
later World War I began. He was mobilized as lieu- 
tenant on August 2, 1914; he took part in the battles 
of the Meuse and the Marne. The Croix de Guerre 
was awarded for bravery in 1916. Only on direct 
order did he (promoted to a captain in the field) leave 
the front to place his chemical abilities at the service of 
La Patrie. He perfected the charging of gas containers; 
proved the possibility of transporting bromine in iron 
bottles; developed the drying of chlorine by iron, the 
ferric chloride acting as desiccant; and worked out a 
method, later adopted by industry, for the preparation 
of stannic chloride. After the Armistice (November 11, 
1918), he was appointed inspector of the synthetic 
ammonia plant at Oppau. This experience led to his 
book “L’Azote,”’ published in 1922. In 1919 he was 
put in charge of the publication of the reports on the 
German chemical industries. The Cross of the Legion 
of Honor, awarded in 1920, was the public recognition 
of these many valuable services. His “La petite in- 
dustrie chimique” (with Rémy-Genneté) appeared in 
1926. 

The return of Alsace to France brought with it the 
complete reorganization of the University of Strasbourg, 
which was reopened in November 1919. Hackspill, 
a scion of an old Alsatian family, was delighted to 
accept the chair of inorganic chemistry, and to give 
the course in applied chemistry. His lectures in 
polished but simple language were illustrated by 
demonstrations on the grand scale, such as precipi- 
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tations carried out in 3-liter flasks. Though sympa- 
thetic and friendly with his students, he quickly showed 
his superiority by insisting that they complete in 
creditable fashion several assignments in glass blowing, 
an art in which he was so competent that he made even 
dificult constructions seem easy. Because he never 
lost sight of the practical side of chemistry, he soon 
gained the confidence of the industrialists of the region, 
many of whom donated funds for the support of his 
researches. They also opened their plants to his 
students, who thus learned of the difficulty attending 
the passage of a reaction from laboratory to plant scale. 
From 1929 to 1932 he was director of the Institut de 
Chimie at Strasbourg. His success as a teacher and 
the excellent research issuing from his laboratory made 
it inevitable that he would be called to a post in Paris. 
In 1932, at the insistence of Pechard, Hackspill became 
a successful candidate for his old master’s post at the 
Sorbonne. After Urbain’s death (1938) Hackspill was 
named (1939) to the chair of mineral chemistry and 
also director of the Institut de Chimie. In a sense 
therefore, he became the successor of his early teacher, 


Moissan. He also served as lecturer at the two Ecoles 
normalessupérieures. His well-earned retirement came 
in 1951. 


During World War II, he again was in active mili- 
tary service. In 1939, with the rank of lieutenant 
colonel, he was town Officer at Hagenau in Alsace, and 
evacuated this citadel only after receiving express 
orders from above. His was the last company to leave. 
Before going, he organized a voluntary militia, which 
prevented the looting of Hagenau. During the occu- 
pation he carried on his researches at the Sorbonne. 

Many honors have come to this eminent chemist. 
The Académie des Sciences awarded him the Cahours 
Prize in 1911, the Houzeau Prize in 1926, the Lacaze 
Prize in 1932. He was made Officier of the Legion of 
Honor when the Institut de Chimie celebrated its 50th 
anniversary. Election to the Académie in the section 
of académiciens libres came in 1944. In 1946 he held 
two important offices: President of the Societé chimique 
de France and President of the Féderation nationale 
des Associations de Chimie en France. He has been a 
member of the American Chemical Society since 1918. 

Professor Hackspill’s scientific achievements have 
been almost entirely in the inorganic field. He has 
specialized in the study of the alkali metals and their 
salts, the alkaline earth metals, boron, metal hydrides, 
deuterides, phosphides, etc. He has constructed a 
type of thermobalance which operates in a vacuum, 
and hence, by virtue of the pressure produced, can be 
used to follow thermal decompositions which are 
accompanied by the liberation of a gas. 

In 1903 Moissan and Lebeau entrusted to Hackspill 
a specimen of metallic calcium, which they had ob- 
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tained from. a German works at Bitterfeld. His 
problem was to prepare alloys of this metal, which 
was quite rare at that time. Hackspill found that 
when it was heated in vacuo with the respective alkali 
chlorides, potassium, rubidium, and cesium were set 
free. By this procedure, he prepared several kilograms 
of the latter two metals. This reaction has been adapted 
to industrial purposes for preparing photoemissive cells. 
It has been generalized to calcium carbide, to nickel, to 
iron (preparation of lithium). In Hackspill’s doctorate 
work he measured the physical constants of the alkali 
metals: density, coefficient of expansion, vapor tension, 
electrical resistance. He then studied the platinum- 
cesium couple, the magnetic susceptibility, and the 
comparative action of water and of oxygen on the 
alkali metals and their hydrides and deuterides. He 
prepared the borates, hypophosphites, and fulminates. 

With Rinck he discovered the allotropic states of 
calcium, and with Rémy-Genneté he showed that 
hydrogen can combine with calcium from —80°C. on. 
The direct synthesis of calcium carbide was carried 
out with Botolfsen, and that of caleitum cyanamide with 
Fleck. Hackspill has proposed a method for the 
simultaneous determination of carbon and hydrogen, 
and nitrogen by a gasometric procedure employing 50 to 
100 mg. of an organic substance. 

He refuted the existence of any significant amount 
of combined argon in the blood. With his vacuum 
balance, he has studied the thermolysis of different 
varieties of alumina, chlorates, perchlorates, and 
bromates (with the hope of discovering the perbro- 
mates). 

In recent years he and his students (de Postis, 
Thomas) have created a new chapter in chemistry, 
which presented many experimental difficulties, 
namely, the entirely unexpected action of cesium on 
organic compounds. A striking example is the discov- 
ery (with Réhmer) of ethylene cesium C:,H,Cs:. It 
was only to be expected that Hackspill should be en- 
trusted with the sections on rubidium and cesium in 
Pascal’s “Traité de chimie minérale.”’ 

Summing up, his researches have been entirely 
original in various fields of inorganic chemistry, and 
some of the most simple materials have been described 
with rare precision by him and his students. 

In 1946 Hackspill stated: “I believe that one element 
of success has equally been one of my faults: stubborn- 
ness. Pasteur once wrote, not to me of course, but 
his remark applies equally as well to all researchers: 
‘Allow me to give you a word of advice, which I have 
always forced myself to follow, namely to persist as long 
as possible on one subject. By perseverance in the 
research, one ends by acquiring what I call the instinct 
for the truth.’ That is why, if God gives me life, 1 
will not quickly abandon the study of the alkali metals.” 
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Ir a laboratory manual, intended for use in general 
college chemistry, were to be selected at random, 
it is more than likely that a cookbook in general 


chemistry would have been chosen. In spite of the 
awareness on the part of educators of the fact that 
experimentation and interpretation of data are the 
foundation of scientific behavior, chemistry professors 
seem perfectly content to assign a manual which teaches 
nothing, for the most part, but blind and unreasoning 
obedience to printed directions. It is perfectly correct 
to feel that the ability to follow directions must be 
developed in our young students of science, but more 
important than that is the need for teaching them 
how to use a free and unprejudiced mind. 

It is indeed disturbing to observe how many of our 
manuals in current use ask the student to mix several 
substances in the laboratory and to report a color, 
odor, or precipitate formation in the space provided 
so conveniently on the report page. More often than 
not, the student is simply repeating a reaction of 
which he has read in his textbook and probably has 
seen demonstrated in lecture. The laboratory is 
thus being used as a place for the repetition of demon- 
stration experiments, and the more important necessity 
of providing new types of educational experience, 
both mental and manual, is practically ignored. 

I wonder how many of us remember, when we were 
students, preparing our laboratory reports the night 
before class by copying the anticipated answers from 
the textbook or from a report on the same experi- 
ment written by a student who had passed the course 
some years before. This practice not only is a mockery 
of the word “experiment” and a debasement of the 
“scientific method” we all preach, but is also an appall- 
ing waste of valuable time by the student who hands 
in the experiment and the professor who grades it. 

A primary function of the chemistry laboratory is 
to encourage impartial observation and recording of 
facts. Let us assume that a student, following direc- 
tions, is going to bubble H.S through a solution which 
he obtained from a bottle labeled “antimony tri- 
chloride.” He has read, of course, that an orange 
colored precipitate is produced in the formation of 
antimony trisulfide. Let us further assume that the 
stockroom clerk has made an error and has put the 
“antimony trichloride” label on a bottle which really 
contains cadmium chloride. Do you suppose that on 
the basis of the laboratory work of the student we 
would ever find out about this error? I believe rather 
that, because of the structure and characteristics of 
so many laboratory courses, the student not only would 


1 Presented at the 120th Meeting of the American Chemical 
Society, New York, September, 1951. 
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tend actually to see the precipitate as orange colored, 
but would also make certain to describe it exactly 
as “orange,” not “yellow” or “light orange” perhaps, 
but exactly in the terminology employed by the author 
of his textbook or by his teacher—orange! 

The fact which makes all of this even more pathetic 
is that in chemistry we have a particularly fruitfy| 
field for teaching the elements of the scientific method 
of investigation by direct application of its principles, 
So many of us will agree that if we do nothing but 
awaken in the student a respect and appreciation for 
scientific methodology, all will not have been in vain, 
Despite this belief, however, most of us are constantly 
catering to an antithetical point of view when we 
meet our laboratory classes. Isn’t it true that if 
the luckless student who carried out the experiment 
described above had been naive enough to have called 
the precipitate he observed “yellow” he would simply 
have been marked wrong? 

In a first course in general chemistry the student 
frequently finds himself face to face with concepts 
and usages which he feels are abstract and intangible. 
Proper laboratory practice can do much to dispel 
these mistaken notions and can present to the student 
an idea of the real meaning of some of these concepts. 

How many students use molecular weights in solving 
problems without knowing how they are arrived at? 
How many students use the gas constant “R”’ as some 
sort of magic number believing it to have one set of 
units such as liter-atmosphere per mol per degree—if 
they have thought of it at all? How many students 
speak of coulombs as if these units found use only 
in solving Faraday’s law problems and of the electronic 
charge as an infinitesimal quantity of almost undeter- 
minable magnitude? The truth of the matter, in too 
many cases, is that students are almost completely 
oblivious to the meaning of these concepts which 
they, nevertheless, constantly use and, in general, 
feel that the actual determination of molecular weight, 
of R, etc. must be a problem of unbelievable complexity 
and capable of solution only by highly trained re 
search workers with elaborate equipment. 

The student must be made to realize that these 
concepts have real significance, real meaning, and real 
magnitude. They must learn, for a better understand- 
ing of the subject matter, that quite reasonable deter- 
minations of these values can be made with relatively 
simple apparatus; and that complex and carefully 
controlled apparatus for their determination are neces 
sary only when extreme accuracy is required. They 
can learn of these things by being told about it over 
and again, but when they have actually made such de- 
terminations for themselves, then the performance of 
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4 single experiment accomplishes more in the right 
direction than hours of lecture. Where, but in the 
laboratory, do we have the facilities and the atmos- 
phere for producing these results? 


EXPERIMENTS 


It may seem that some of these comments have 
reflected an unduly hypercritical evaluation of a 
situation that can easily be improved. It is true; 
criticism is being enunciated. The criticism, however, 
is not meant so much for the situation in which we 
fnd ourselves, but rather for the fact that so little 
has been and is being done to remedy it. It seems 
that if an author writes a textbook, he is duty-bound 
to collect experiments from manuals that are antique 
in their approach and scope and, with a minimum of 
effort, produces a “new” laboratory manual which 
does nothing to make even more useful a_ possibly 
excellent and admirable textbook. The experiments 
given here are but a few of many which have proved 
their usefulness over the last five years, and which 
might well be included in laboratory manuals. 

Principal Products. When the chemistry of the 
oxidation states of nitrogen is taught, it is usual to 
stress the point that when HNO; is used as an oxi- 
dizing agent any combination of its reduction prod- 
ucts may be formed. The nature of the principal 
reaction will depend upon several variables, including 
the concentration of the acid and the particular re- 
ducing agent used. For example, we usually write: 


Cu + con. HNO; — Cu (NO;)2 + H2O + NO. (1) 
Cu + dil. HNO; —~ Cu(NO3;)2 + H:O + NO (2) 


Although the equations, as written, do not express 
the fact, it is commonly stated that in any single re- 
action neither NO nor NO; is produced to the complete 
exclusion of the other. The equations simply show 
the main product which predominates in the mixture of 
oxides formed as reduction products. To bring this 
idea out more clearly to the student, one laboratory 
meeting is devoted to an actual experiment involving 
these reactions. 

The student weighs a specimen of copper and dis- 
solves it in about 1:1, HNO;:water. He collects the 
gas generated in the reaction in a eudiometer which 
is filled with water which had previously been boiled 
and then cooled. The NO, will, of course, dissolve 
and so only NO is measured as a gas. From these 
data, the fraction of copper which reacts according 
to reaction (1) compared with that used in reaction 
(2) is calculated. In this way, the idea of ‘principal 
product” becomes something with meaning. There is 
no place where the “correct” answer to this experiment 
can be found in texts and handbooks, and since concen- 
trations of the acid used is varied from class to class 
and from term to term, copying of data is minimized 
and confidence in one’s own work is encouraged. 

Another experiment dealing with the concept of 
“principal product” is one which involves burning of 
Magnesium. Normally, when this metal is burned 
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in air, the product of reaction is understood to be 
magnesium oxide. Little or no attention is paid to 
the fact that an appreciable quantity of magnesium 
nitride is produced as well. In the laboratory this 
point is investigated by the student who burns a 
weighed amount of magnesium in a crucible. The 
ash is then dissolved in dilute acid. This converts 
the oxide to a soluble magnesium salt while the nitride 
forms the ammonium salt of the acid used. The 
mixture is neutralized, then made alkaline with KOH 
in a distilling apparatus, and the ammonia is distilled 
into standard acid. The amount of NH; formed is 
found by back-titration and the amount of Mg;N2 
required to produce this NH; is calculated. From these 
data it is observed that MgO is actually not the sole 
product, but simply the “principal product” formed 
when metallic magnesium is burned in air. 

The Gas Constant “‘R’’. In lectures on the gas laws, 
the student is frequently confounded by the constant 
R which we develop during discussion. This situation 
arises primarily, it is felt, because of limited mathe- 
matical background on the part of the student. This 
is not due to any special complexity involved in the 
treatment of gas law problems mathematically, but 
rather because of a difficulty in the realization of what 
is meant by a “constant.” 

It is usual for us to derive the Perfect Gas Law: 


g 
PV =nRT = M RT 
and also to explain that R is the factor which relates 
the equations of both Boyle and Charles when simul- 
taneous variation in both temperature (7') and pressure 
(P) are operating on a volume of a gas (V) having a 
weight g and molecular weight M. Occasionally R 
will be expressed as: 
PV PVM 

and its units found in terms of the units used to express 
the variables in the equation. Frequently the value 
of R is presented in terms of liter-atmospheres per mol 
per degree. The student then memorizes this number 
and is completely unprepared for the shock which 
comes later when he finds that R has a different numer- 
ical value when millimeters of mercury are used, in- 
stead of atmospheres, to measure pressure. 

In the laboratory, the student is asked to collect 
and measure the amount of oxygen liberated upon 
heating a sample of PbO». The weight of the oxygen 
collected is determined from the loss in weight of 
the PbO. Now since g, M, P, V, and T are all known, 
the student can calculate the value of R in the more 
familiar laboratory units of cc.-mm. per mol per 
degree. He then calculates its value in different units 
by changing these units before substitution in the 
equation. The student now has a definite laboratory 
contact with the idea of a mathematical constant 
and, by its evaluation and sufficient drill in its use, 
he soon becomes better equipped to realize its utility. 
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The Charge on the Electron. Through no fault of 
his own, in speaking of the charge on a single electron, 
the student feels that this is a value so minute and 
so imponderable that its actual determination is pos- 
sible only by the use of elaborate equipment by highly 
skilled technicians. This attitude then serves also 
to give the quantity merely a “theoretical” aspect with- 
out any reality. Of course, precision work is required 
for reliable results, but in our general laboratory 
course we have determined the value successfully, 
with good results, by the use of the following very 
simple set-up. 

A bath of cupric sulfate is electrolyzed using a pol- 
ished copper cathode. This cathode is weighed be- 
fore and after electrolysis. The amperage during the 
experiment and the time of electrolysis are carefully 
recorded. These data give us the number of coulombs 
required to discharge the weight of copper deposited. 
From Avogadro’s number we obtain the number of 
copper atoms represented by that weight of copper. 
Since each cupric ion required two electrons for de- 
position, the number of electrons involved is then known. 
The charge (in coulombs) carried by one electron is 
readily determined. This experiment has been par- 
ticularly successful in giving reproducible and accept- 
able values for e and provides a problem of real in- 
terest to the student. 

In teaching reactions of the elements, primary con- 
sideration is given to the use of these reactions. For 
instance, in the identification of pure or mixed un- 
knowns, the analysis of alloys, fertilizers, and baking 
powders, the reactions are first performed briefly and 
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then analyses are conducted on unknowns making yg 
of these reactions; in some cases the procedures hay; 
been developed by the students themselves, fo 
the purpose of brevity I should like to mention only 
the subjects of some other laboratory experiments 
which we have used namely: heat of a chemical re. 
action, determination of water hardness, “apparent” 
degree of ionization of a salt, ete. 

It is felt that these experiments tend to encourage 
a spirit of inquiry in the student and to emphasize 
the importance of experimental techniques. Many 
different analytical tools, such as gravimetric, voly. 
metric, and colorimetric methods, are employed and ip 
an experiment on equivalent weights the student 
determines the weight of a piece of magnesium not by 
weighing it, but by measuring the hydrogen which it 
releases from HCl. 

It is not the contention of this paper that all of 
the experiments employed are original—much has been 
borrowed from other sources and we encourage others 
to borrow from us. The important thing is for more 
of us to realize the significance of the laboratory 
meetings in general chemistry and to make them the 
useful sessions which the time allotted to them justifies, 
This can be accomplished by the application of in- 
dividual ingenuity to commonplace experiments and 
the free interchange of ideas which have proved worthy. 
In closing, I would like to mention a small point which 
should be of interest to most teachers—the grading 
of reports on this type of work takes less than 1 per 
cent of the time consumed in the grading of the old 
cookbook experiments. 


Tue reaction between ammonia and iodine’ is well 
known, but apparently has not been utilized for detec- 
tion of ammonia. We have found that this reaction 
affords a reliable test for ammonia which is more con- 
venient than the usual methods of detection.” 

One milliliter of unknown solution is neutralized to 
the litmus end point and two drops excess of 10 per cent 
sodium hydroxide solution added. Any precipitate 
which forms is femoved by centrifuging. The clear 
solution is poured onto about 3 mg. of iodine on a spot 
plate. A crystal of iodine is pushed to the surface of the 


1 Sipewick, N. V., “Chemical Elements and Their Compounds,” 
Oxford Press, London, 1950, p. 707. 

2 Furman, N. H. ‘‘Scott’s Standard Methods of Chemical Anal- 
ysis,” 5th ed., D. Van Nostrand and Co., New York, 1939, p. 630. 


e A QUALITATIVE TEST FOR AMMONIA IN AQUEOUS SOLUTION 


RICHARD C. O’NEIL and W. B. RENFROW 
Oberlin College, Oberlin, Ohio 


liquid with a stirring rod and allowed to slide to the bot- 
tom of the depression in the spot plate. A black, finely 
divided precipitate appears in the wake of the iodine 
crystal. With small concentrations (30 mg./liter) of 
ammonia, the black precipitate dissolves within a few 
seconds. When the concentration of ammonia is rela- 
tively high (500 mg./liter) the precipitate is more 
copious and persists much longer. 

The test has been used successfully on a variety of 
solutions issued as unknowns in an elementary course il 
qualitative analysis and no interference by other ions 
has been discovered. 

The black precipitate formed in the test is highly ex 
plosive when dry and should be destroyed by adding 
sodium hydroxide or by washing down a drain. 
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e LABORATORY SYNTHESIS IN GENERAL 
FRESHMAN CHEMISTRY 


Dwnine the last decade, an increasing amount of 
attention has been given to the teaching of theoretical 
principles in the freshman chemistry courses. This 
trend has many advantages, among them a stronger 
basis for understanding on the part of the student. 
The trend has necessitated a decreased emphasis upon 
descriptive chemistry and upon laboratory prepara- 
tis. The author feels that the pendulum should not 
swing so far in the direction of theory that descriptive 
material is practically excluded. Theory should be 
supplemented liberally with descriptions of interesting 
portions of pertinent historical information, uses and 
reactions of elements and compounds, and descriptions 
of industrial processes. 

In the freshman chemistry laboratories at the Univer- 
sity of Nebraska, the writer has found that a few experi- 
ments requiring syntheses of compounds stimulate the 
interest of the students remarkably and provide them 
with much valuable laboratory experience. Most in- 
structors who have assigned unknowns in general chem- 
istry or in qualitative analysis have noticed an upsurge 
of interest on the part of the students when their abili- 
ties are met by the challenge of the unknown. A 
laboratory synthesis can bring an analogous rise of 
interest. 
something and is not simply carrying out procedures, 
for the sake of learning, which he assumes have been 
established as aids to understanding the course. 

The interest generated in the student is almost 
enough to justify this type of assignment. In addition, 
however, much valuable experience is received by the 
student. First, he is on his own. Even if the entire 
class is assigned the same synthesis, each student is 
under test to produce a pure product in good yield. 
Second, laboratory techniques are developed by neces- 
sity in order to get good results. A variety of opera- 
tions and techniques are provided that do not neces- 
sarily arise in other types of assignment. Third, the 
student gets a small look at the field of laboratory syn- 
thesis, an important phase of chemical research and 
chemical production. 

The author has used laboratory preparations for 
several classes involving a total of several hundred 
students in both of the first two semesters of beginning 
chemistry at the University of Nebraska. Some of the 
classes have been for students who have had high-school 
chemistry, but most of the classes have been for those 
who have had no chemistry training prior to university. 
One to two weeks (six to twelve laboratory hours) have 
been devoted each semester to this type of assignment. 


The student feels that he is accomplishing 


HENRY F. HOLTZCLAW, JR. 
University of Nebraska, Lincoln, Nebraska 


Some laboratory manuals provide a limited number 
of preparations. The writer first assigned to his begin- 
ning classes such preparations as sodium hexanitro- 
cobaltate (III) and hexamminenickel (II) bromide, given 
in a manual that has been used in these laboratories.' 
The methods of preparation are very similar to those in 
the literature. * These two preparations include such 
techniques as oxidation of cobalt (II) ion to cobalt (ITI) 
ion by passage of a current of air through the solution, 
precipitation from 95 per cent alcohol, filtration with 
and without suction and both at room temperature and 
in an ice bath, washing the precipitated product with 
alcohol and ether, drying and weighing the product, and 
calculation of theoretical and percentage yields. 

The encouraging response to this initial trial led to 
assignments direct from the literature. Colloidal sols 
have been assigned, for example, providing each student 
with a literature reference and requiring him to look up 
the reference in the library to get his procedure. An 
easy method cf making a collodion dialysis bag and its 
subsequent use were explained in the lecture. Each 
student made a dialysis bag and dialyzed his colloidal 
sol as part of the assignment. 

Another class was assigned preparations from “‘Inor- 
ganic Syntheses.” Each student looked up his own 
procedure. Potassium trioxalatoaluminate, potassium 
trioxalatoferrate (III), potassium trioxalatocobaltate 


1 Hopkins, B. S., T. MoeLLER, AND F. B. Scutrmer, JR., 
“Laboratory and Classroom Exercises in General Chemistry,” 
D. C. Heath and Co., New York, 1946, pp. 219-20. 

? H., anp W. Butz, “Laboratory Methods of Inorganic 
Chemistry,” 2nd ed., John Wiley & Sons, Inc., New York, 1928, 
pp. 149, 171. 

3 Wart, G. W., “Inorganic Syntheses,’ McGraw-Hill Book 
Co., Inc., New York, 1950, Vol. III, p. 194. 

4 Place a funnel in an Erlenmeyer flask of appropriate size. 
All equipment must be clean and dry. Pour through the 
funnel a small amount of collodion taking care that none dries 
on the walls of the flask. Up-end the flask and rotate evenly 
so that a uniform amount of collodion sticks to the walls of the 
flask and no part of the inside of the flask is skipped. Pour the 
excess collodion out. Blow a stream of air into the flask through 
a tube to dry the collodion. To remove the membrane from the 
flask when dry, fill the flask with distilled water, stick a glass 
tube down into the flask, then slit all around between the neck 
of the flask and the dried collodion layer to loosen the membrane. 
Pour the water out and pull the bag from the flask. Fill the 
bag with distilled water to test for leaks. It is the author’s 
experience that the average student can make a satisfactory 
bag in his first or second attempt. 

For dialysis, place the colloidal sol in the collodion bag and 
suspend in a container of distilled water. A syphon arrange- 
ment for continuous changing of the distilled water is desirable 
but not essential for a beginning laboratory. 
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(ILI), and potassium trioxalatochromate (III) have 
been assigned in this way.’ The four preparations 
were divided among the members of the class. For the 
trioxalatoaluminate salt the student was asked to use 
one-tenth of the quantities specified in the progedure; 
for the other three salts, one-fifth of the specified quan- 
tities. 

Many other syntheses from the literature are within 
the scope of the average freshman student. The pro- 
cedures need not be difficult ones. Indeed, care should 
be exercised by the instructor to select preparations 
within the abilities of his class. 

The writer requires the student to submit a report on 


5 Bariar, J. C., Jr., E. M. Jongs, “Inorganic Syntheses,” 
McGraw-Hill Book Co., Inc., New York, 1939, Vol. I, pp. 35-8. 
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each synthesis, giving the name of the compound 
method of preparation, equations, theoretical yield 
actual yield, percentage yield, discussion, and literature 
references. Along with the report the student submits 
his product properly bottled with a label giving his 
name, the name of the product, weight of the bottle anq 
product, tare weight, weight of product, and percentage 
yield. 

No claim is made as to originality in this type of 
assignment. The practice of giving laboratory syn. 
theses to freshman chemistry classes, however, does not 
seem to be utilized to a very significant extent. Ings. 
much as the author has had gratifying results in the 
use of a few such assignments each semester, he recom. 
mends the method as a valuable teaching device. 


* A CONTINUOUS ETHER-EXTRACTION APPARATUS 


F. G. HOLLIMAN 
University of Cape Town, Cape Town, South Africa 


SEVERAL different designs of apparatus are available 
for the continuous extraction of aqueous solutions with 
a light solvent such as ether. Those not employing 
ground-glass joints suffer from the disadvantage that 
they require considerable time for assembly and also 
that rubber stoppers may be attacked by the solvent 
employed. On the other hand, those incorporating 
ground-glass joints for speed of assembly are generally 
designed so that a different size of apparatus must be 
employed for different-size extractions. 

The apparatus shown in the diagram has been con- 
structed to provide for both speed of assembly and 
versatility in respect of volume of solution being ex 
tracted. This versatility is achieved by keeping the 
height of the apparatus constant and using vessels oi 
different diameter for the extraction chamber A—the 
figure depicts both a 5-liter and a 100-ml. vessel. Dis 
tribution of the extracting solvent throughout the solu- 
tion is maintained by the stirrer B, through the mercury 
seal C, the solvent being fed from the reservoir D, by 
distillation, via an outer jacket F, to the stirrer guide 
E. E and F are sealed together at the lower end and 
four small holes are provided as an exit for the solvent. 
Separation of the two phases takes place in the upper 
part of A and the extract overflows back to the vessel D. 

Suitable ground-glass joints are, with British Stand- 
ard alternatives: G, 34/45 (B. 34); H, 24/40 (B. 24); 
I, 19/38 (B. 19). 
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CHEMICAL EDUCATION IN SANTA BARBARA 


COLLEGE OF THE UNIVERSITY OF CALIFORNIA 


Ix ornpeR to meet the increasing demand for 
undergraduate instruction the University of California 
has added to its system several four-year colleges. 
Santa Barbara College, eighth campus of the University 
and the most recent of these additions, was founded in 
1891 as a private school offering ‘instruction in cooking 
and manual training.” It was later incorporated in 
the city school system, and in 1909 was established as 
the Santa Barbara State Normal School of Manual 
Arts and Home Economics. 

Its curriculum was expanded to include general 
teacher training in 1919, at which time the name 
was changed to Santa Barbara State Normal School. 
Two years later a four-year program was introduced, 
and the name changed to Santa Barbara State Teachers 
College. With the addition of a program of liberal 
arts in 1935 the school became Santa Barbara State 
College, the designation it retained until 1944 when the 
affiliation with the University of California came about. 

Throughout the early years of the college, chemistry 
functioned only in a service capacity to the major 
fields. Courses were presented in inorganic, organic, 
physiological, food, and textile chemistry. Later 
additions to the curriculum included qualitative and 
quantitative analysis, physical chemistry, industrial 
chemistry, chemistry of dyes and dyeing, and chemical 
microscopy. 

Since the incorporation of the college into the Univer- 

sity system, curricula have been further expanded to 
include, for the first time, a chemistry major. In 
attempting to provide sound: professional training 
within the framework of a liberal arts program, prob- 
lems typical to most four-year colleges have been faced. 
In addition to the service courses for other technical 
Majors, a new general education course, taught by 
the physics and chemistry departments jointly, has 
been developed during the past two years. 

Association with the university minimizes one of 
the major problems of the small, independent colleges— 
the budget necessary to provide modern equipment 
and adequate salaries for the staff. 


JOHN W. SUTTON 
Santa Barbara College, Santa Barbara, California 


CHEMISTRY MAJOR PROGRAM 

In the liberal arts division of the college, majors 
are limited to a maximum requirement of 40 semester 
hours. A uniform program of 33 hours is specified 
for the chemistry major student. Seven additional 
hours are chosen from other advanced courses in the 
field. Eight hours of physics, nine of mathematics, 
and twelve of German complete the major requirements. 

When combined with the general education program 
required for graduation from the college, the chemistry 
student is strictly limited in free electives. Two 
to ten hours, during the four years, is average. 

With such rigid specification of program special 
attention has been given to the content and sequence 
of chemistry major courses. General, analytical, 
organic, and physical chemistry form the specified 
four-year series, with eight semester hours credit for 
each. Distribution of time between lecture and labora- 
tory varies with the subject. 

Each major student, in addition to this basic frame- 
work, takes a one-hour course in chemical literature 
and elects a minimum of seven hours in organic quali- 
tative analysis, advanced inorganic, advanced organic, 
biochemistry, chemical microscopy, and “independent 
studies in chemistry.” 

Strict limitations imposed by number of credit hours 
allotted to the major are offset by the breadth of 
knowledge gained from the general education program 
and instructional advantages inherent in small classes. 
Within the framework of the course, allowance can be 
made for the slower, hard-working student, the average, 
and the superior student. The last of these after 
completing standard assignments in a course, is en- 
couraged to conduct the more difficult experiments 
ordinarily encountered in specialized courses in larger 
institutions. Laboratory time, equipment, assistance 
from instructors—the prerequisites to this more nearly 
individualized system of learning—can be found only 
in smaller colleges. 

The general chemistry course is taught primarily 
for chemistry, physics, and biological science majors. 
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It contains the usual blend of chemical principles, 
calculations, and descriptive inorganic chemistry. 
An introduction to qualitative analysis of the cations 
is taken up in laboratory work during the second 
semester. By omitting one three-hour laboratory 
(leaving three lectures and one three-hour laboratory 
per week), this course has been reduced from ten to 
eight semester hours during the year. This cut, 
while originally necessitated to provide additional time 
for general education courses in the freshman year, 
has permitted an equalization of the freshman and 
sophomore courses. In editing the laboratory experi- 
ments many were discarded and a few inserted to 
produce a more constructive and consecutive back- 
ground for later work. 

The additional two hours were added to the second- 
year course, permitting greater emphasis on calculations 
dealing with chemical equilibrium. It is felt that this 
time proves more valuable to the slightly advanced 
student than to the beginner, since he is better able 
to grasp the significance of calculations as quantitative 
applications are made. 

The quantitative analysis course now contains two 
lectures and two laboratories weekly for the year. 
Representative volumetric and gravimetric determina- 
tions are studied during the first semester, with 
lectures introducing the fundamentals of quantitative 
analysis and the application of chemical equilibrium 
calculations. In the second semester gravimetric 
separations are carried out and some instrumental 
techniques, including colorimetry, potentiometry, and 
polarography, are introduced. Lectures deal with 
advanced topics in quantitative analysis and with 
principles involved in operation of the instruments 
and their applications to quantitative determinations. 

During his first two years the chemistry major 
student builds a foundation for specialized work by 
including in his curriculum mathematics through 
integral calculus and the first-year major course in 
physics. The first course in German is usually taken 
during the last half of the sophomore year. 

With this background in physics and analytical 
chemistry, greater emphasis may be placed on physical 
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organic chemistry during 
the regular third-year or. 
ganic course. In particular, 
thorough discussion of reae- 
tion mechanisms, dipole mo. 
ments and acid-base and 
oxidation-reduction equilib- 
ria is possible. Unit opera. 
tions fundamental to practi- 
cal organic” chemistry are 
emphasized in the labora- 
tory, rather than mere illus- 
tration of representative 
compounds and synthesis of 
each class studied. 

Training in the use of 
chemical __ bibliographical 
tools is given during the first semester of the junior year 
with a one-hour course in chemical literature. Both oral 
and written presentation of technical work are em- 
phasized. A good selection of journals and standard 
reference works is available through the chemistry 
library. Beilstein can be used at this point, since the 
student possesses an adequate background in German. 

Physical chemistry is taught as a senior course, 
with three hours of lecture per week during the year. 
A separate laboratory course, with two three-hour 
periods weekly, is taken during the second semester. 
Equipment is available for nearly all standard physical 
chemistry laboratory experiments. 

In the senior courses the small classes and ready 
availability of equipment are especially advantageous. 
Here the student possesses a three-year background in 
chemistry and allied fields. The slower pupil can be 


helped individually without retarding the remainder 
of his class. The average student receives instruction 
in fundamentals and the use of modern equipment. 


v Fracti 


1 Distillation in the Organic Laboratory 


His quicker classmate is not held back by a rigid 


schedule of work or, much worse, bored through lack 
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of challenge. In the physical chemistry laboratory, 
for example, while most of the experiments are specified, 
considerable freedom of choice among outlined work 
exists in approximately one-quarter of the course. 

The independent studies course, while not required, 
js recommended for nearly all seniors. Originally 
established as an “honors course,” this work has proved 
of such value to the student that the requirement of 
a B average is no longer strictly maintained. It is 
felt that any student to be recommended for graduation 
should be capable of executing some independent 
research problem. This viewpoint has been shared by 
employers of several of our recent graduates, who 
have felt that success in this course was more signi- 
ficant than the over-all B grade average. 


CHEMISTRY FOR NON-MAJOR STUDENTS 


A full year course in the physical sciences, carrying 
three hours credit per semester, has been developed 
jointly by the physics and chemistry departments to 
fulfill the need for a general education course. 

In developing this course, chemical and physical 
topics have been interleaved in a logical sequence, 
rather than separated into “units” of physics or chem- 
istry. This permits a more efficient treatment of 
such topics as kinetic theory of gases, atomic structure, 
spectra, and electrochemistry, for example, which 
must often be presented in an abortive manner through 
the terminal course in either physics or chemistry, 
because of lack of background in the other field. 

Fundamental principles and concepts of selected 
subjects in physics and chemistry are stressed, rather 
than attempting a general survey of physical science. 
Repeated consideration is given to scientific procedures, 
as well as to the social significance of advances in funda- 
mental science and technology. 

Each lecture section is taught by a member of one 
department having sufficient experience in the other 
field to present the entire course. Occasional visiting 
lecturers are invited for various special topics, but 
greater unity of viewpoint is gained through a single 
lecturer for most of the course. 

One two-hour laboratory a week accompanies the 
lectures in this course, with experiments equally divided 
between physics and chemistry. The chemical ex- 
periments are predominantly quantitative, with em- 
phasis placed on the principles derived from them. 

Other non-major courses are primarily of the “‘service”’ 
type. Industrial arts and home economics students, 
needing a thorough understanding of chemical principles 
together with a survey of descriptive and applied 
chemistry, enroll in a one-semester introductory 
chemistry course. A one-semester organic course is 
also taught, which is taken by home economics students 
and biological science majors. Both courses include 
one laboratory weekly. 


FACILITIES AND STAFF 


Laboratory space is severely limited on the present 
small campus. Only one laboratory has been added to 


the department since 1913. In the same period the 
staff has grown from one to six; the number of courses 
has been expanded from five to 21. 

Construction has begun on a new campus, to be 
occupied in 1953. In the science building, which will 
house both physical and biological sciences, the depart- 
ment will occupy an area somewhat greater than that 
now available, with additional expansion anticipated 
at an early date. Meanwhile, careful planning for 
efficient use of space will provide adequate laboratory, 
lecture room, and office area. 

A liberal budget policy during the last few years has 
permitted acquisition of a Beckman spectrophotometer, 
Warburg apparatus, semimicro analytical balance, 
polarograph, and other expensive equipment not 
ordinarily available to undergraduate students. Such 
apparatus is selected with the policy that each item is 
to be used in at least one course during the major 
sequence. It is available to faculty and advanced 
students for research use in the remainder of the time. 
Further purchases at present are limited by space for 
proper installation more than by lack of funds. 

A small, well-equipped shop, maintained jointly 
by physics and chemistry departments, is available 
to students and faculty for construction of special 
apparatus. A part-time mechanician performs the 
more difficult tasks. 

The chemistry library contains a representative 
selection of periodical sets and reference works which 
the student is encouraged to use in all major courses. 
Material not available locally is readily obtained from 
the Los Angeles or Berkeley campuses through photo- 
copy, microfilm, or interlibrary loan service. 

On the new campus arrangement of the library will 
be based on classification rather than form. For 
example, all books, reference works, and periodicals 
which deal with science (“Q” designation in Library 
of Congress system) will be shelved in one area. Open 
shelves will be used, thus providing the convenience of 
departmental libraries without requiring the added 
expense of maintenance and supervision concomitant 
to decentralized libraries. 

All classes and laboratories are taught by one of 
the five active staff members. Student assistants are 
employed for preparation of solutions, setting out 
chemicals, cleanup work, ete. 

Although classes are small, with laboratory sections 
generally limited to 15, teaching loads are maintained 
at a relatively low level. Each faculty member has 
time to carry on a research program and participate 
in administrative and faculty committees. Research 
is both expected and encouraged, with funds for special 
equipment available through the faculty research 
committee. 

In addition to the five regular staff, there is one 
professor emeritus. Miss Hazel Severy, who retired 
in 1951 after 37 years with the college, still maintains 
an active interest in departmental problems, offering 
the help and counsel of her long career to those of us 
who are, in comparison, rank novices. 
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I warren to be connected with a consulting organiza- 
tion, so I thought you might like to hear about some of 
the kinds of research problems encountered there. 
This sort of organization has a broad range of activities, 
as shown by the following illustrations. 

Since I am going to talk about our own group of 
consulting chemists and chemical engineers I am afraid 
I shall have to make this more or less personal. Almost 
30 years ago my husband—now president of the or- 
ganization which bears his name—started his career 
as a consultant while still a graduate student at Colum- 
bia University. The business has grown from a one- 
man, part-time job to one employing over 100 people, 
who work in some one of a number of different depart- 
ments, according to their special interests and training. 
Just as chemistry concerns almost everything from 
allergy to zirconium, the chemical problems brought to 
a group of consultants may involve resins or textiles, 
drugs or cosmetics, construction of chemical plants or 
destruction of waste materials. 

You might like to ask, “What is a consulting chem- 
ist?” One definition—probably as good as any—is 
that he is a member of the chemical profession who, 
for a fee, attempts to solve chemical problems. 

Perhaps you wonder who employs chemical con- 
sultants. There are many kinds of clients. Some are 
large manufacturing firms who maintain their own 
laboratories but want specialized advice, specialized 
research, expert testimony in a patent case, or the 
use of spcialized equipment. Some clients have no 
laboratories of their own and for them our staff members 
serve as their chemists. These may be large firms mak- 
ing products of such a nature that their requirements 
for chemical service are intermittent. Some clients are 
small firms in chemical manufacture which use our facili- 
ties because it is more economical than to maintain a 
laboratory of their own. For some clients we may take 


1 Presented at the 13th Summer Conference of the NEACT, 
University of Rhode Island, Kingston, R. I., August 22, 1951. 


CONSULTING CHEMISTRY AS AN EXAMPLE OF 
INDUSTRIAL RESEARCH’ 


CORNELIA T. SNELL 
Foster D. Snell, Inc., New York, New York 


a problem requiring only a week or two of work; for 
others we carry on research programs which continue 
over a peridd of years. Most of our work is in the field 
of research and development. It is never a question of 
conducting an investigation at our own expense with 
the hope of selling the results. A successful consulting 
laboratory cannot be operated that way. The con- 
sultant first gets the client, and incidentally likes to 
have some assurance that the client will be able to pay 
his bill. On his part, the consultant must be able to 
produce results, since only by accomplishment can he 
establish a desirable professional reputation. 

The type of work we do, I think, is best explained in 
terms of specific examples. I am sure my husband looks 
back with amusement at some of the simple problems 
which first came to him. One of his earliest jobs we 
might call—d la Sherlock Holmes—the Case of the 
Imported Lace. On arrival in New York a shipment of 
lace was found to have been discolored by water stains. 
Naturally the question arose as to liability for damage. 
If the lace had become wet while in the hold of the ship, 
then the shipping company would be liable for the dam- 
age; but if it could be shown that the lace must have 
been stained before it was loaded onto the ship the 
shipping firm would bear no responsibility. In order to 
settle this some of the lace was sent to the laboratory, 
where it was soaked in water; the aqueous extract was 
then tested to show the presence or absence of sea-water 
salts on the lace. Since none were found, this result 
was reported as reasonable evidence that the damage 
had not been caused by sea water and that the shipping 
company was not at fault. An adjustment was made 
based on this report. Not all consulting work finds 
such an easy solution. 

Sometimes a manufacturer finds himself confronted 
with a change in his plant or procedure, made necessary 
by a new law. For example, at one time it was the 
custom of industrial plants to discharge their waste 
waters into neighboring streams. In many instances 
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this caused a change from the naturally clear, sparkling 
water into a dark-colored, vile-smelling liquid whose 
odor might carry a mile or so on the wind. Such con- 
taminated waters usually kill vegetation along the banks 
as well as all fish life. To avoid such a condition many 
states have passed laws requiring all plants in the state 
to purify their industrial wastes to meet a definite 
standard before these are run into streams and rivers. 
When New Jersey passed such a law many of the dye 
works located along the Passaic River found that they 
had a real problem on their hands. Dr. Snell was called 
in and collaborated with civil engineers in investigating 
suitable treatments to decolorize and clarify the efflu- 
ents from these plants. Following the laboratory in- 
vestigations, several treatment plants were constructed. 
The precipitated sludge was sent to waste piles while 
the clarified liquid went into a stream, but no longer 
with harmful effects. 

As another example, our group has been active in 
the study of synthetic detergents or soapless soaps, such 
products as you see on the market under the trade 
names of Tide, Dreft, Breeze, Vel, Glim, Surf, Joy, ete. 
These contain no soap but do a good cleaning job, and 
are especially useful in hard water, where soap forms a 
gummy curd. 

In developing the basic material for this general type 
of product, it is necessary to evaluate removal of soil 
in the laboratory in order to determine whether one 
agent is more efficient than another under particular 
conditions. We have worked out methods of evalua- 
tion and have published these, as well as other articles 
dealing with cleaning problems, in various scientific 
journals. 

In our engineering department, methods and lay-outs 
are planned on a small pilot-plant scale for later applica- 
tion to full-scale installation. 

One client asked us to design a plant in which peanut 
oil could be made from peanuts or tung oil from tung 
nuts, depending upon which kind of nut happened to 
be in plentiful supply at various times of the year. 
Furthermore, he wanted to build the plant on the Island 
of Madagascar, an extremely isolated region, as you 
know, and this meant that additional facilities for 
generating electric power, process steam, and heating 
steam had also to be designed. And, finally, machinery 
for making cans from tin plate had to be installed. 

It was a pretty complete job of consulting, but the 
client got his plant and today not only makes high-grade 
edible peanut oil, and good-quality tung oil for paints, 
but the press cakes from the two processes—that is, the 
solid material that remains after the oil is pressed out— 
is being used for animal feed from peanuts, and fertilizer 
from tung nuts. 

I mentioned the necessity of meeting the require- 
ments of new state laws. Federal laws affect some 
manufacturers. For example, manufacturers of cos- 
metics and other items to be used on the skin must 
comply with the Pure Food and Drug Act. One of the 
requirements is that they have no irritant or toxic ef- 
fect on normal skin. An experimental product is first’ 
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tested on the skin of animals; for example, a new sun- 
tan lotion may be applied first to the shaved skin of 
rabbits to show possible irritant or harmful effects. If 
the product passes this test it is then tried on human 
subjects by means of patch tests on the arms. With a 
sufficient number of people used, if no more than a few 
per cent of the subjects show skin irritation the product 
is considered safe. Physicians and dermatologists often 
collaborate with us in these skin-test problems. The 
evidence obtained may be submitted by the client, if 
required, to the Food and Drug Administration in order 
to obtain approval of a new product. 

Tea tasters have long been recognized as experts in 
their particular field, but only recently have scientists 
turned their attention to such matters. It can now 
frequently be determined not only why one particular 
product tastes better than another but what the degree 
of difference is between them. Not everyone can be 
taught this sort of evaluation but most people can. In 
our laboratory we have a special tasting panel of 5 to 
15 people who have a well-educated sense of taste and 
can detect very delicate differences in flavor as well as 
degrees of difference. Many problems can be solved 
by this method. 

For example, a bakery was getting its output back 
from time to time because the bread, cakes, coffee 
rings, etc., had a bad taste. There seemed to be no 
difference in baking procedure or ingredients to account 
for it. It was discovered that the off-flavor developed 
only on days when the wind blew from a certain direc- 
tion—that of a nearby chemical plant. The trained 
tasting panel found the same unpleasant odor and flavor 
in the baked goods as that of the chemical made in the 
neighborhood plant. This illustrates the close co- 
operation between different departments in a consulting 
group. Members of the analytical department did the 
sampling of the atmosphere and the chemical deter- 
mination, members of the organoleptic panel made the 
taste evaluation to identify the objectionable material 
in the baked foods. 

Perhaps a typical activity of a consultant—quite 
different from those just described—is court practice, 
in both the federal and the lower courts. Judges as a 
rule prefer that the “expert,” the person supplying 
strictly technical information bearing on the case, be 
someone not directly connected with either the plaintiff 
or the defense. That is why this type of work is a 
natural for the consultant, and no doubt also for mem- 
bers of the teaching profession. 

One such case had to do with a blue coating on razor 
blades. The questions were really two: whether this 
blue coating actually protected them from rusting and 
whether two different brands of blue-coated blades 
were, made according to the same patent. Since the 
blue film was a form of iron oxide only about 720 milli- 
microns thick, the experimental investigation proved to 
be quite a problem. The plaintiff in this case was trying 
to prove that the blue coating did not prevent rusting. 
In this he was successful byfela@ekest bis case on the pat- 
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Sometimes a legal case requires months of research in 
the laboratory in order to develop the technical back- 
ground to establish the pertinent facts, even though the 
trial itself may take only a few days, or weeks at, the 
most. 

Plain common sense has its place in consulting work, 
as everywhere else. A bottle of liquor in which the 
whisky had turned black was brought in for examina- 
tion. We were to find the cause. The analyst started 
to pour out a sample in order to make a qualitative test 
for iron. He thought that the liquid probably con- 
tained iron tannate, the coloring matter ordinarily 
present in black ink. When he picked up the bottle 


To the Editor: 

In reading Sister Agnes Ann Green’s interesting 
article on ‘‘Microcards” (J. CHem. Epvuc., 28, 549 
(1951)), I am reminded to draw the attention of chem- 
ists generally to an urgent problem in this field which 
has for some time been troubling those of us who are 
practically engaged in the compiling and editing of 
compendia. 

The problem is an economic ene, and rests on the 
necessity of having a printed presentation of the work 
in question available before microcards are made. (It 
would, of course, be possible to have only a single 
Varityped master copy and a circulation entirely micro- 
card, but this is a novelty, not yet a matter of current 
praetice.) 

The use of microcards must, inevitably, decrease 
the demand for printed copies of the work in question— 
and whilst, no doubt, the lowered price of the cards 
will, to some degree, extend the number of those who 
possess copies, a price differential of $2200 to $194 will 
indubitably divert many sales from the books to the 
cards. 

There comes a point in the publication of books where 
the number sold just balances the cost of production 
and distribution; this point represents the present con- 
dition of many of the major chemical compendia and 
treatises, even allowing for the fact that much of the 
authorship is often a labor of love, paid for at nominal 
rates. A decrease in sales will either cause a sharp 
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and shook it, it rattled. On pouring out the contents, 
he found an iron nut which had dropped off the filling 
machine. There was his positive test for iron without 
the use of reagents. 

In conclusion, I like the story about the salesman, 
who—very discouraged at having to report his in- 
ability to make a certain sale—said, “Oh, well, you can 
lead a horse to water but you can’t make him drink,” 
The sales manager replied, “H———, man, your job 
isn’t to lead him to water, your job is to make him 
thirsty.” That is my interpretation of what develop- 
ment work does; it makes you “thirsty” for more 
knowledge. 


increase in price, or a cessation of publication (probably 
the latter); nobody will pretend that even a generous 
royalty on, for example, the $194 microcard edition of 
Beilstein is going to make any serious contribution to 
the cost of preparing that great and valuable work. 
The problem, therefore, is to ensure that microcard 
editions make their proper contribution to the economy 
of script production. 

This can only be done by insisting that the microcard 
publication returns to the original publisher such a 
royalty as will yield an income equal to that from a 
similar number of the printed volumes, less that pro- 
portion due to the economies of microcards over paper 
and binding, less some small discount for increased 
circulation. The production budget of a large work 
selling at $2200 appears something like this: 


per copy 

Preparation of script (inc. authors’ fees) *500 
Setting 7 

Machining +200 

Paper and binding +200 

$1600 


Items marked * do not vary whether publication 
takes place as microcards or volumes; items such as 
+ are materially reduced by carding and may be as 
little as $100 (no account taken of distribution costs 
or profit). But even in this way the true production 
cost (allowing for composition of a microcard edition) 
cannot be less than $1300 per copy to which distribu- 
tion costs must be added. To sell such a set for $194 
is obviously wrong in principle; it may be excellent 
for old journals where copyright has expired, or where 
supplies of back numbers are exhausted, but for current 
compendia it may well kill the goose that lays the golden 
eggs. Dictum sapiente sat est. 


G. Matcotm Dyson 


Burton WALKS 
LEICESTERSHIRE 
ENGLAND 


st 
to 
“ 
chi 
as 
tw 
: 
AB all y 
Be 
me 
b 
WY 
< 
: 
By 
ETA cu 
| 
me 
the 
: 
| 
New 
| 
give 
with 
liste 
| 


costs 
ction 
ition) 
ribu- 
$194 
ellent 
vhere 
rrent 
olden 


ON 


FEBRUARY, 1952 


To the Editor: 

I admire Mr. Anthony Standen’s contribution “On 
the horns of the sacred cow” (J. CHem. Epvuc., 28, 
608 (1951)), but would plead for even clearer thinking 
about “scientific method.” 

Mr. Standen refuses to define this term in paragraph 
1 of his article, but proceeds to use it a hundred times 
subsequently. It would, perhaps, have been profitable 
to have told readers in the first instance that the term 
“scientific method” is used in two quite different 
senses; to refer to (a) the physical methods by which 
scientists arrive at the data of their subject and (6) 
those philosophical procedures by which the thinking 
scientist attempts to integrate his observations into 
the web of knowledge. A textbook of practical organic 
chemistry is an example of the former, and such a work 
as “Scientific Method, its Philosophy and Practice” 
(F. W. Westaway) of the latter. It is confusion be- 
tween these two ideas that so often misleads young 
science students. 

Under the practical discipline of the laboratory the 
young chemist learns what it is to be methodical, to 
be orderly in conducting experiments, neat in arrange- 
ment of apparatus, meticulous in taking and recording 
observations, scrupulously clean lest foreign matter 
interferes, and of perfect integrity in not allowing pre- 
conceived ideas to prejudice observations; in short, to 
cultivate method in the design and execution of experi- 
mental work; and he often thinks of this as “scientific 
method” (or even “the scientific approach”). In one 
limited sense this is “scientific method,” in that it is 
the discipline of an investigator in gathering data; 
but true “‘scientific method”’ in the sense that Rayleigh, 
Armst rong," Westaway, or Alexander Smith? meant the 


H . E., “The Teaching of Scientific Method,”’ 1895. 
“The Teaching of Chemistry,” 1912. 
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term, does not begin until all the former has been com- 
pleted, and involves the processes of thought and the 
discipline of philosophy. In these, “good husbandry” 
is as important as in the experiments of the laboratory ; 
but is far more difficult to attain. 

Grote,? commenting on Socrates, said: 


In the natural process of growth in the human mind, belief does 
not follow proof, but springs up apart from and independent of 
it; an immature intelligence believes first and proves (if, indeed, 
it ever seeks proof) afterwards. 


This is one of the attributes of the mind which makes 
true scientific method so difficult, and justifies Cicero.‘ 
“In primis, hominis est propria veri inquisitio atque 
investigatio.” , 

The analysis of phenomena, thé hature of hypotheses, 
classification, deduction, the use of analogy and infer- 
ence, the proper place of logic, and the estimation of 
error and probability in connection with judgment are 
all features of true scientific method. 

This distinction between the two meanings of “scien- 
tific method” will serve to dispel Mr. Standen’s paradox 
—that of the general liberal arts student proportionately 
devoting more attention to true scientific method than 
the professional science student; for the former takes 
that which will develop his mental stature and be 
applicable to all the processes and conditions of life— 
the latter is stocking his mind with the factual back- 
ground necessary to a competent technician; the great 
scientist is the man who does both. 


4 


G. Dyson 


Burton WALKS 
LOUGHBOROUGH, LEICESTERSHIRE 
ENGLAND 


3 Grore, ‘ ‘Plato,”’ Vol. 1 p. 251. 
‘ Cicero, De. offic., i, 13. 


e ORGANIC SYNTHESES. VOLUME 31 


Editor-in-Chief: R. S. Schreiber. John Wiley & Sons, Inc., 
New York, 1951. vi+122pp. liig. 15.5 X 23.5cm. $2.75. 


VoLuME 31 of ‘Organic Syntheses,” like all previous releases, 
gives the equations for the reactions, procedures for production 
with accompanying notes, and other methods of production for 42 
different organic compounds. The directions have been supplied 


by 67 different contributors in addition to members of the Edi- 
torial Board. The suggested directions have again been further 
checked or verified by competent referees. Preparations are 
listed alphabetically under common name and Chemical Abstracts 
The subject index comprises al] material from 


indexing name. 


Volumes 30 and 31, since it is presumed that all previous prepara- 
tions, not already listed in Collective Volumes I and II, will 
eventually appear in Collective Volume ITI. 

This latest addition to this popular series is on a par with all 
former volumes. The quality, form, appearance, and workman- 
ship are identical to the earlier volumes. This recent release 
will be welcomed as a ‘“‘must” by most libraries and organic 
chemists, both here and abroad. The reviewer as well as many 
other individuals is stil] anxiously awaiting the publication of 
Collective Volume ITI. 


RALPH E. DUNBAR 
Nortu Daxorta Strate 
Faroo, Norts Daxota 
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@ .  MELLOR’S MODERN INORGANIC CHEMISTRY 


Revised and edited by G. D. Parkes, Fellow of Keble College, 
Oxford, and University Demonstrator and Lecturer in Chemistry. 
Fourth edition. Longmans Green and Co., New York, 1951. 
xxi + 967 pp. Illustrated. 73 tables. 22.5 X 15cm. $5., 


Tuts book is designed as a text for the first course in chemistry 
for college students in England. As might be expected, it is at a 
somewhat higher level and contains more material than most 
comparable American texts, but interested American freshmen 
could use it without undue difficulty. As is usual in English 
textbooks, the literary style and choice of words are excellent. 

This revision is in reality the tenth edition of a text which has 
been highly successful and widely used in England and other 
parts of the world since 1912. In format and appearance it 
closely resembles the ninth edition (1939), but an examination 
of the contents shows that considerable change has been made. 
In spite of this, the book will seem “old fashioned” to many 
American readers, for in selection of topics and emphasis upon 
them it resembles American texts of 20 years ago. The historical 
approach is used throughout, with the older views often given 
greater emphasis than the newer; thus, the original Arrhenius 
theory and the short form of the periodic table are used almost 
to the exclusion of more recent theories. While descriptive 
chemistry is stressed, a considerable amount of space is devoted 
to classical physical chemistry: e. g., phase rule, catalysis, con- 
ductivity, and the order of reactions. Atomic structures are dis- 
cussed, but little use is made of them in explaining or correlating 
the properties of the elements; molecular structures are rarely 
mentioned. It is significant that Chapter 9 (The Constitution of 
Matter) is all in fine print. 

Numerous examples can be cited to indicate that this book 
has not been adequately brought up to date; of the transuranium 
elements only neptunium and plutonium are mentioned; the 
discussion of element 87 ends with the Noddacks in 1925; the 
possible existence of a second “rare earth” series is not discussed ; 
the silicone resins are omitted; sodium polymetaphosphate is 
described as the hexametaphosphate. The statement (page 289) 
that ‘“‘non-metals for the most part do not react with water’ is 
quite erroneous, as such reaction is characteristic of all of the 
nonmetals except oxygen, nitrogen, and the noble gases. The 
statement that lead exhibits trivalency (page 749) is also in- 
correct; X-ray studies have shown that the oxide Pb.O; contains 
equal numbers of Pb(II) and Pb(IV) atoms. Baker’s work on 
intensive drying, which most chemists have now rejected, is 
mentioned repeatedly. 

On the other hand, the chapters on the metals and on the 
structure of silicates are excellent, as is the discussion of chemical 
equilibrium and velocity of reactions. 

Mellor’s approach to inorganic chemistry is so different from 
that commonly used in America that few teachers in this coun- 
try will wish to adopt his book as a text. The fact that the point 
of view is different, however, gives the book some value as a ref- 
erence text, for the teacher and the student. 


UNIVERSITY OF ILLINOIS JOHN C. BAILAR, Jr. 


Ursana, 


* PREPARATION OF ORGANIC INTERMEDIATES 


David Allen Shirley, Associate Professor of Chemistry, Tulane 
University of Louisiana. John Wiley & Sons, Inc., New York, 
1951. x+328pp. 15 X 24cm. $6. 


Tue purpose of the book is to provide the laboratory worker 
with specific preparative directions for relatively simple com- 
pounds which are unavailable commercially, or are expensive 
enough to justify their preparation by the worker. 

The author states in the preface that the usefulness of the book 
will depend primarily on the compounds selected for inclusion. 
The more than 500 compounds were chosen on the following 
basis: (1) not available commercially, or, if available, rela- 
tively expensive; (2) the compound has not been described in 
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“Organic Syntheses” through Volume 28; and (3) “the com. 
pound is one whose structure is simple and contains reactive 
functional groups which make it useful as an intermediate, or its 
preparation involves a generally useful type of organic reaction 
and the directions may be applied to the preparation of related 
compounds,” 

All of the starting materials meet one of the followi ing criteria; 
(1) commercial availability at low cost; (2) described in “Organic 
Syntheses’; or (3) described elsew here i in the book. 

The compounds are arranged in alphabetical order and the 
following information is supplied for each compound: _ the equa- 
tion for the reaction, the reference to the original literature, a 
condensed version of the original procedure, and, in some cases, 
special precautions to be observed in carrying out the procedure. 
There is also a molecular-formula index, type-of-reaction index, 
and general index. 

The procedures were chosen by searching the literature for 
all the methods available, and then, after a careful and critica] 
examination of these, selecting the one which in the author’s 
opinion has a high probability of giving the indicated results, 
As Professor Shirley also states, difficulty is sometimes experi- 
enced in attempting to reproduce experimental procedures taken 
from the original literature. Unlike the procedures in “Organic 
Syntheses,” the ones in this book have not been checked by in- 
dependent investigators. Also, no references are given to any 
alternative procedures which may be available. In the reviewer's 
opinion, these two features seriously limit the usefulness of the 
book. 

The binding is attractive and the format, patterned after that 
of “Organic Syntheses,’’ meets the high standards one is accus- 
tomed to in Wiley publications. 


HAROLD R,. NACE 
Brown UNIVERSITY 
ProvipENCE, Ruope Istanp 


* RADIATION MONITORING IN ATOMIC DEFENSE 


Dwight E. Gray, Chief, Navy Research Section, Library of Con- 
gress, and John H. Martens, Technical Information Service, 
Atomic Energy Commission. D. Van Nostrand Co., Inc., New 
York, 1951. iv+122pp. 20figs. 14x 2lcm. $2. 


Tue task of training civil defense workers has been made 
more complex than it was during World War II by the introduc- 
tion of “‘atomic’”’ warfare with its associated hazard of nuclear 
radiation. Recognizing the need for a text dealing with this 
new hazard, the authors of this book have presented for the 
general reader, as well as the civil defense worker, a discussion 


of the principles and practices of radiation detection and monitor- 


ing. 

The seven chapters in the first part of the book are devoted 
to background information. This includes the following topics: 
nature of chemical elements and isotopes, nuclear energy, prop- 
erties and detection of nuclear radiation, fission, nuclear ex- 
plosions, radiation hazards associated with nuclear explosions, 
and protective measures, 

In the reviewer’s opinion, two of the specific topics covered 
as background information should have been discussed in greater 
detail with illustrations. These are the half-life of a radioactive 
substance and the roentgen as a unit of radiation dosage. 

In the eight chapters of the second part of the book instru- 
ments and equipment for radiological monitoring are described. 
Specific instructions are given for the operation, calibration, use, 
and maintenance of several commercially available survey 
meters. lIonization-type pocket chambers and dosimeters and 
film badge dosimeters are also described. As pointed out by 
the authors, new instruments are being developed and may re- 
place those which are considered in detail in the text. It is 
likely, however, that new instruments will differ in size and cost 
rather than principle of operation. 

There are two appendixes. The first is devoted to a descrip- 


tion of standard sources of radiation for calibration of equip* 
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ment; the second consists of a bibliography with comments on 
the publications listed. 

In general the authors have done well in their brief presenta- 
tion of the material, The book is definitely useful for the train- 
ing of personnel for radiological defense. 


HERBERT M. CLARK 
RENSSELAER PoLyTEcunic I[NsTITUTE 
Troy, New York 


4 FUNDAMENTAL PRINCIPLES OF PHYSICAL CHEM- 
ISTRY 


Carl F. Prutton, Vice-President and Director of Operations, 
Mathieson Chemical Corp., and Samuel H. Maron, Professor of 
Physical Chemistry, Case Institute of Technology. Second edi- 
tion. The Macmillan Co., New York, 1951. x + 803 pp. 173 
figs. 127tables. 15 X 22cm. $5.75. 


Since the appearance of the first edition of this text in 1944, 
it has been widely adopted. Except for one completely new 
chapter, and a substantial increase in the number of problems, 
this revised edition differs very little from its predecessor. Addi- 
tion of a few paragraphs here and there has been offset by deletion 
of others, so that, except for the added chapter, the number of 
pages is almost unchanged. Since there has been very little 
rewriting, most of this edition is identical with the last. 

The discussion of crystal structure has been improved by the 
addition of three paragraphs on space lattices and space groups. 
The treatment of adsorption isotherms has been slightly ex- 
panded, and a section on the Donnan equilibrium has been added. 
This last is a complex subject, and as presented here (as in most 
such tests) it is oversimplified. In the reviewer’s opinion, unless 
a great deal more space can be devoted to it, including application 
to actual systems, it might as well be omitted entirely. The 
chapter on thermochemistry has been improved by the addition 
of a discussion of differential heats of solution and dilution. 

Several changes have been made in the chapters dealing with 
atomic structure. Discussion of mass defect has been somewhat 
expanded, and the description of the nucleus of the atom has been 
improved—the earlier edition talked about electrons in the 
nucleus. A paragraph on the generation of neutrons has been 
added, and the brief section on nuclear fission has been brought 
up to date. 

The major change in the book is a new chapter on photo- 
chemistry. Like the rest of the book, this chapter is clear, well 
written, and teachable. 

WILLIAM E. CADBURY, JR. 
HAvVERFORD COLLEGE 
HAVERFORD, PENNSYLVANIA 


® HERBERT H. DOW: PIONEER IN CREATIVE CHEM- 
ISTRY 

Murray Campbell and Harrison Hatton. Appleton-Century- 

Crofts, Inc., New York, 1951. xi+168pp. [Illustrated. 18.5 

26.5cm. $3.50. 


Brine was considered merely salty water with few chemical 
potentials until young Herbert H. Dow made the study of this 
solution his life’s interest. .In 1889, after graduating from the 
Case School of Applied Science, Dow became Professor of Chem- 
istry and Toxicology at the Huron Street Hospital College in 
Cleveland. This position gave him spare time for analyzing 
and experimenting with brine. His first attempt to extract 
bromine from brine on a commercial basis took place near Can- 
ton, Ohio. Shortly thereafter, Dow went to Midland and under 


various names the eventual Dow Chemical Company took 
shape. 

This attractive book by Campbell and Hatton chronicles the 
successes and disillusionments which constantly beset Dow. 
Several interesting sections discuss his relations with the boards 
of directors and financial backers of the various companies where 
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Dow acted as founder and general manager. The difficulties 
of raising money for expanding production and developing of 
new products are vividly told. 

Herbert Dow, by his willingness to try anything that should 
work and make it work, established a pattern that catalyzed 
the rapid growth of the Dow Chemical Company. Dow’s 
specific contributions to the growth of chemical manufacture 
in this country include: the introduction of cheap phenol; 
the creation of a dependable domestic source of metallic magne- 
sium; the battles won over foreign monopolies in chemicals 
like bleach, indigos, the salicylates; the development of carbon 
tetrachloride as a raw material for other chemicals and as a 
volume chemical in itself; the development of cheap chlorine 
and its wide use as a processing material; the continuing search 
for new uses for bromine; and so on. Along with all these de- 
velopments, the Dow Chemical Company grew and became a 
leader in the industry by Dow’s continuous striving for diversify- 
ing products and improving the efficiency of chemical processing. 

Herbert Dow’s contributions of a general nature are his pioneer- 
ing and improving of the continuous process which is automatic- 
ally controlled and operated; the ceascless search for new prod- 
ucts and ways of making them; the exploitation of unwanted 
by-products; the constant effort to make products more cheaply; 
the driving interest in using cheap raw materials, such as brine; 
the commercial importance of research; and, perhaps above all, 
the sheer creativeness of Dow’s industrial attitude. 

This book is really the biography of an outstanding chemical 
company whose life was sparked and nurtured continuously by 
Herbert Dow and the fine group of hand-picked men which sur- 
rounded him at all stages of the company’s development. Al- 
though the story ends with Dow’s death in 1930, his spirit of 
enterprise continues as the greatest single motive force in the 
company today. Anyone looking for a chronicle of intelligent 
capitalism and the American way of life will find this book rich 
and rewarding. 


FREDERICK G. SAWYER 
STANFORD RESEARCH INSTITUTE 
STanrorD, CALIFORNIA 


* SURFACE ACTIVITY 


J. L. Moilliet and B. Collie, D. Van Nostrand Co., Inc., New 
York, 1951. x + 379 pp. 22 figs. 6 tables. 15.5 xX 25.5 
cm. $12.50. 


Tuts book provides an excellent treatment of surface-active 
agents and surface activity from the point of view of the funda- 
mental physical chemistry involved. It is divided into three 
parts: the first, of about 150 pages, physicochemical principles; 
the second, of about 100 pages, deals with technical applications; 
and the third, of about 120 pages, presents the chemical constitu- 
tion of synthetic surfactants. 

In Part I theories and substantiating data dealing with the na- 
ture and properties of surfactants are summarized. For ex- 
ample, the nature of micelles and the conflicting theories as to 
their probable size and structure are treated in some detail. 
Many references placed at the bottom of the page—both in this 
part and throughout the book—refer the reader to the original 
articles. This generous use of references permits condensation of 
material with which the reader may be assumed to have some 
familiarity, or if not, which he can readily look up. 

The technical applications in Part II furnish good general dis- 
cussions of the factors involved in surface activity, including wet- 
ting-out and waterproofing, emulsification, dispersion and de- 
flocculation, solubilization, etc. Again, emphasis is on the physi- 
cochemical principles involved. Some examples of commercial 
applications are given. These tend to deal with industrial proc- 
essing of textiles, although other types of applications are men- 
tioned. Uses of surfactants in the manufacture of cosmetics are 
not discussed. The building of syndets for household use is not 
treated. 

In Part III the surfactants are grouped by general classifica- 
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tions. The constitution of the various types is discussed, with 
chemical formulas and with examples in many instances of trade- 
name products. These draw on both American and European 
products but are meant to be illustrative rather than inclusive. 
The raw materials used and methods of manufacture developed 
by a number of companies are referred to. ’ 

The book deals with a highly complicated subject and naturally 
does not cover all phases and applications. It should be of value 
to all those interested in the technical aspects of surfactants. 


CORNELIA T. SNELL 
Foster D. Inc. 
New Yorks, New 


* CHEMISTRY OF WOOD 


Erik Hagglund, Swedish Forest Products Research Laboratory 
Stockholm. Academic Press, Inc., New York, 1951. x + 631 
pp. 86figs. 16 X 23.5cm. $13.50. 


A BOOK reviewer always starts with the preface; and, indeed, 
he may lean as heavily on those pages numbered with Roman 
numerals at the beginning as he does on the bulk of the writing 
itself in a much larger total of Arabically numbered pages. The 
old Latin books started with an ‘“apologia” but no apology is 
necessary here. However, Dr. Higgiund begins his preface: 
“This book is a new, revised English edition of ‘Holzchemie,’ the 
first edition of which was published in 1928. Since the second 
German edition was published in 1939 great strides have been 
made in the various fields of wood chemistry. The results of this 
new research have greatly widened our knowledge and have 
necessitated a revision of many concepts held formerly. A com- 
parison between this book and the previous edition clearly illus- 
trates this fact.” 

One additional interesting comparison is that, whereas before 
World War II the text was published exclusively in German in 
two editions, the postwar results have been printed in excellent 
English by a pressin Sweden. The relative growth of importance 
of the English language in the field of technology of wood is thus 
indicated. 

No one is better fitted nor more competent to write a book on 
this subject matter than the author, with his outstanding years 
of experience and direction in the Swedish Forest Products Re- 
search Laboratory, one of the great research institutions of the 
world. Fortunately also, while the title of the book is ‘““Chemis- 
try” the subject matter of the book does not have the pure sci- 
entific approach that might thereby be expected; it is almost 
entirely written from the aspect of the industrial utilization and 
processing of wood along the many avenues which has made this 
material such an important raw material in the last century from 
the chemical and semichemical standpoint. Throughout the 
entire history of mankind’s manufactures, or his conversion of 
raw materials into more valuable finished products, wood has 
been the most frequent and versatile raw material for mechanical 
conversion; and in these more recent years the chemical approach 
has been an important additional method of utilizing wood in an 
even larger number of ways, and of forming even more valuable 
finished products. It is this scientific background of this multi- 
billion-dollar industry which is described. 

The outline of the field of interest, as indicated by the table of 
contents and by the subject material, follows a perfectly scientific 
exposition of the chemistry, the properties, the reactions with 
reagents, and the chemical processing involved in the conversion 
of woody substance to other products. Following the first four 
chapters (389 pages) on the physica! and chemical properties of 
wood (considering in order the fundamental components of wood ) 
there follows one chapter on the saccharification of wood, 7. e., 
the decomposition and dissolution of the cellulose by hydrolysis 
with acids, while the lignin is relatively nonreacted. The next 
four chapters (116 pages) are concerned primarily with the pulp- 
ing of wood and the chemical dissolution therefrom of the lignin 
by all of the different methods which have been proposed and 
which leave the cellulose relatively nonreacted. 
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‘Chapter 9 relates to wood carbonization; Chapter 10 covers 
caustic fusion and miscellaneous other treatments with alkalies 
tars, or phenols; and in all of these both cellulose and lignin are 
entirely reduced—in the one case to give solid charcoal, and in 
the other liquids or solutions, Finally there are two chapters 
11 and 12, on the behavior of wood during storage and the natural 
decomposition of wood by enzymes and microorganisms to give 
humus, coal, ete. 

One of the best features of the book is the extremely complete 
bibliography of references to workers in all countries and in al] 
languages relating to this field. Using Sweden as a center, Pro. 
fessor Hiigglund is in an excellent position to survey the contri- 
butions to this field of all countries of the world, and he appears 
unbiased in his inclusion or exclusion of material covered. Most 
of the important American references are covered. 

This treatise is primarily concerned with industria] chemistry 
rather than technology and there are no figures, flowsheets, or 
photographs of processing operations. The 86 figures are some- 
what fewer than a well-illustrated book on industrial chemistry 
would require, but these are, however, excellent graphs of physi- 
cal data representation and line drawings and photographs of the 
fiber structures and related mechanical aspects of molecular and 
component organization. 

The excellent and scientific approach to the coverage of the 
field is shown by the 50 pages of author index and 16 pages of 
subject index, giving a comprehensive and carefully organized 
background for ready reference to almost any subject point or 
publication in the field. In addition there is a bibliography at 
the end of each chapter or section. 

As should be expected of a book on wood which has been 
—_— in Sweden, the paper, type, format, and binding are ex- 
cellent. 

While a treatise rather than a textbook, this will be used by 
graduate students (and by everyone else interested in the field) 
as required reading, and as a ready point of departure for the 
tremendously voluminous literature in this field. 

DONALD F. OTHMER 


POLYTECHNIC fxerirute or BROOKLYN 
Brooktyn, New York 


* PREPARATION, PROPERTIES, AND TECHNOLOGY 
OF FLUORINE AND ORGANIC FLUORO COM. 
POUNDS 


Edited by Charles Slesser and Stuart R. Schram, Director and 
Consultant, respectively, Division of Technical Information and 
Declassification Service, New York Operations Office. McGraw- 
Hill Book Co., Inc., New York, 195]. xxiii + 868 pp. IIlus- 
trated. 16 X 23.5 cm. $10.50. 


Tuts book is one volume of a series prepared as a record of work 
done under the Manhattan Project and the Atomic Energy Com- 
mission. It is divided into five parts, containing a total of 40 
chapters written by 60 different authors, and the editors’ names 
do not appear in the list of authors. The work was done at a 
number of locations, and the chapters are more or less the sum- 
mary reports of the different research and development teams. 
The reader can therefore expect to find considerable variation in 
style and quality of the different chapters, as well as a consider- 


able amount of duplication. The book is an historical record of ' 


development activities done under the stress of war and is an ac- 
count of technical accomplishments of high order that at their 
start appeared to be on the verge of the impossible. That much 
of this is not suitable for industrial use, or has subsequently been 
made obsolete, does not detract from its greatness or the value of 
having it available in a written record. 

Despite the unavoidable duplications in Parts I and II, they 
contain much useful information about the preparation and 
handling of elementary fluorine on an industrial scale. A number 
of chapters in the other parts of the volume have considerable 
merit as, for example, chapters 32 and 39. 

The object of the development activities was the preparation 
of a variety of fluorocarbons having different physical properties 
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for a number of different uses, in connection with the separation 
of the uranium isotopes by the diffusion process employing UFs. 
The cohesive theme of the book is the story of the various at- 
tempted paths to this end. As the only published method of 
making fluorocarbons at that time used elementary fluorine, and 
as this was needed for other purposes, large-scale equipment was 
developed for what previously was only a laboratory preparation. 
Part I contains reports of this work. Part II contains technical 
information from the various research teams relative to large- 
scale handling of elementary fluorine. As the production of 
fluorine proved to be technically difficult, means were sought for 
fuorocarbon production requiring less of the free element. Part 
III reports the institutional and industrial development of the 
employment of the Swarts reaction, or its modification using 
hydrogen fluoride, for obtaining fluorine-containing compounds 
from chlorine-containing ones. Part IV contains accounts of the 
various successful processes for the production of fluorocarbons 
with their advantages and disadvantages. As these were tech- 
nical masterpieces, the reports are of considerable historical value, 
despite the fact that they probably will be of little value as direc- 
tions for future processing. Part V contains, in addition to the 
preparation and properties of chlorotrifluoroethylene polymer, an 
account of the excellent work of Dr. W. I. Miller, Jr., on the 
polymerization of olefinic fluorocarbons. In Part VI are collected 
reports of miscellaneous investigations related to the general 
theme of fluorocarbon production. 


J. H. SIMONS 
UNIVERSITY OF FLORIDA 
GAINESVILLE, FLORIDA 


* PHYSICAL CHEMISTRY OF LUBRICATING OILS 


A. Bondi, Shell Development Co., Emeryville, California, Rein- 
hold Publishing Corp., New York, 195]. vii + 380 pp. 128 
figs. 16 X 23.5cm. $10. 


Tue fundamental principles of physical chemistry have been 
applied in this book to the heavy hydrocarbons in lubricating oils. 
It does not deal with the refining processes, but with the proper- 
ties of the lubricating oil. ‘Those principles applied are best indi- 
cated by the titles of the eight chapters: P-V-T Properties, 
Rheology, Surface Phenomena, Optical and Electrical Properties, 
the Hydrocarbon Type Analysis of Lubricating Oils, Phase 
Equilibria, Reaction Kinetics, Synthetic Lubricants, 

The author has made an authoritative survey of the applica- 
tion of those physical chemical principles. Each chapter is thor- 
oughly documented with references to the literature. Physical 
chemists working with other viscous materials wil] find much in 
this book of interest to them. 

KENNETH A. KOBE 


University or Texas 
Austin, TEXAS 


* COMBUSTION, FLAMES AND EXPLOSIONS OF 
GASES 


Bernard Lewis and Guenther von Elbe, Physical Chemists, 
Explosives and Physical Sciences Division, U. S. Bureau of 
Mines, Pittsburgh, Pa., -Academic Press, Inc., New York, 1951. 
xix+ 795 pp. 355 figs. 16 X 24cm. $13.50. 


Tuts book by these well-known authors is a welcome addition 
to the rapidly growing literature in the field of combustion and 
explosions. As the authors correctly point out, it is not to be 
considered a new edition of the book they published with the 
same title in 1938. While comparisons between the two books 
are inevitable, the current book is considerably more compre- 
hensive in its scope and several times the size of the earlier work. 

The book is divided into four parts. This first part, entitled 


“Chemistry and Kinetics of the Reactions between Fuel Gases 
and Oxygen,’ is concerned with the oxidation of hydrogen, carbon 
monoxide, and hydrocarbon. 


This portion, which comprises 
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one-fourth of the book, may seem unduly long; however, it 
contains a great deal of detail and effectively summarizes the 
work of many people over several decades. Chain mechanisms 
are discussed in considerable detail. The attempt to coordinate 
the various reactions of the several mechanisms in this section 
by consecutive numbering is commendable, but unfortunately it 
becomes somewhat cumbersome after more than 100 pages with 
almost as many numbered reactions. This part of the book also 
includes a summary of the basic equations and concepts of kinetics 
and chain reactions, a discussion of cool flames and two-stage 
ignition, as well as a short section on engine knock. 

About half the book is concerned with “Flame Propagation” 
in Part II, which includes subject matter ranging from non- 
turbulent combustion waves to gaseous detonations. The 
authors have nicely interwoven the discussions of experimental 
methods and qualitative pictures with extensive theoretical 
presentation. The development, propagation, and stabilization 
of flames under turbulent and nonturbulent conditions are dis- 
cussed in detail. The hydrodynamic theory of combustion and 
detonation, while not always developed completely from first 
principles, is in general presented in a form useful to the average 
research worker. 

Part III is entitled the “State of the Burned Gas’ and is con- 
cerned with equation-of-state information as available from band 
spectroscopy or from measurements made during explosion or 
burning processes. The measurement of temperature—prin- 
cipally by the line reversal method—is discussed. 

The last part of the book, ‘“‘Problems in Technical Combustion 
Processes,’’ is a very short section on some of the practical aspects 
of combustion. While detailed discussion is obviously outside 
the scope of this book, there is included an outline of the Otto, 
Diesel, gas turbine, and turbo-jet engine cycles, and their com- 
bustion processes. 

Valuable data on equilibrium constants, heats of combustion, 
limits of inflammability, and flame temperatures have been 
included in the appendixes. 

In general the book is well written, the printing good, and the 
photographic reproductions (particularly those of turbulent 
flames) are excellent. While it is doubtful if this work will be 
selected very often as a classroom textbook, it will undoubtedly 
serve as a very valuable source book to the teacher, graduate 
student, research worker, and combustion engineer. 


PAUL M. FYE 
U. 8S. Navat OrpNANCE LABORATORY 
Sitver Sprinc, MARYLAND 


e LEHRBUCH DER ORGANISCHEN CHEMIE 


A. F. Holleman and Friedrich Richter. Revised by F. Richter, 
Editor of Beilstein’s ‘Handbuch der organischen Chemie,” 
Frankfurt a. Main. 27th and 28th edition. Walter de Gruyter 
and Co., Berlin, 1951. xii+526pp. 97figs. 28tables. 18 X 
24cm. DM 24. 


THE continued popularity of this 53-year-old textbook seems 
to be aptly demonstrated by a remark made by F. Richter, editor 
of the book since 1930, in the preface of the latest edition. He 
states that the rapid sale of the 26th edition necessitated the 
printing of a new edition within the space of a year. This latest 
edition has been “‘replenished”’ after a careful review of the prog- 
ress of the literature of organic chemistry. Probably by neces- 
sity, the selection of new material has been somewhat arbitrary. 
The book has been printed with meticulous care and the format 
is quite attractive. 

The arrangement of the text is in the classical German tradi- 
tion. There is much descriptive material, and many reactions 
are not symbolized but discussed in the running text. There 
is no formal use of subheadings, such as reactions of, preparations 
of, ete. Abundant cross references occur throughout the text. 
Aliphatic and aromatic compounds are discussed separately. 
Approximately 270 pages are devoted to acyclic compounds, 
about 120 to the strictly aromatic compounds, about 60 to the 
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heterocyclic compounds, and about 32 to the hydroaromatic 
compounds and the steroids. This allotment of space is indica- 
tive of the author’s over-all treatment of the subject matter. 

The rather inconsistent use of symbols may annoy some readers. 
In the graphical formulas of the olefins the point of unsaturation 
is often indicated by two dots, and in other cases by the so-called 
double bond. A similar pattern obtains in the discussion of the 
acetylenic compounds. The proton is usually designated in the 
conventional manner. However, on page 77 a superscript. dot 
is used instead of a positive sign. Radicals are often written 
by placing a dash perpendicular to the symbol, while at other 
times nothing is next to the symbol. On page 115, in the sym- 
bolic representation of Kharasch’s abnormal addition to olefins, 
the unpaired electrons are indicated by an X. This procedure is 
used also on pages 413 and 415. However, since the format of 
the structural formulas is similar to that in Beilstein most readers 
should have few difficulties. 

Some readers may consider certain sections to be rather weak— 
for instance, the alcohols, the phenols, the aromatic nitro com- 
pounds, the carbohydrates, and the index. The structural for- 
mulas of the disaccharides are treated rather casually. In the 
case of cellobiose and sucrose the stereochemistry within the 
monosaccharide fragments is ignored completely. 

Because the text is in German it will be used infrequently as a 
textbook in this country. However, many teachers and ad- 
vanced students may wish, and perhaps should have, a copy in 
their libraries. The book offers an excellent opportunity for 
students to gain facility in the use of German, since the text 
contains essentially familiar material. 


DONALD C. GREGG 
UNIVERSITY OF VERMONT 
Burutncton, VERMONT 


* SELECTIVE TOXICITY 


Adrien Albert, Professor of Medical ‘Chemistry, The Australian 
National University, and Honorary Lecturer in the Department of 
Chemistry, University College, London. Methuen & Co., Ltd., 
London; John Wiley & Sons, Inc., New York, 1951]. xiii + 228 
pp. 5Splates. 3lfigs. 27tables. 11 X17.5cm. $1.75. 


In THs book the author has presented an interesting and well 
written discussion of a subject that has long needed integration. 
The book is based on postgraduate lectures delivered to re- 
search workers and students in biochemistry, medicine, chem- 
istry, veterinary science, and agriculture. It should appeal 
not only to these but also to the general reader in the more ad- 
vanced disciplines in the physical] and natural sciences. 

Selective toxicity is defined as the toxicity possessed by certain 
agents which injure some kinds of cells but not others. Hence it 
is concerned with drugs and weed-killers and insecticides. The 
emphasis in this book is not so much on the agents themselves 
as on the physical and chemical means whereby these agents 
effect their activity. Much information, therefore, which be- 
longed formerly to technology has been rigorously examined and 
the underlying principles involved have been brought into focus. 
In his opening pages the author gives an account of the accom- 
plishments of selective toxicity and the scientific basis for selec- 
tive toxicity in terms of biology and the physical sciences. Selec- 
tive toxicity is then discussed in relation to physical and chemical 
properties with special reference to: (a) the covalent bond, as in 
the arsenicals and mercurials, (b) ionization, as in the acridines 
and other kationic antibacterials, (c) chelation, as in folic acid, 
8-hydroxyquinoline and other carriers and inactivators of trace 
metals. The author’s activity in these last two fields permits 
him to write with considerable authority and meaningfulness. 
Indeed, throughout the book he has succeeded in bringing appro- 
priate reference from the current literature. 

In a later section Dr. Albert discusses chemotherapy as a 
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particular branch of selective toxicity tracing its fundamental 
principles and dealing in detail] with such topics as sulfa q 
antibiotics, drug resistance, and therapeutic interference, 

An excellent bibliography is appended. 


LIONEL JOSEPH 
San Disco State 
San Dreco, CaALirornia 


* DIELECTRIC BREAKDOWN OF SOLIDS 


S. Whitehead, Director of Research, The Electrical Research 
Association, England. Oxford University Press, London, 195], 
xv+27lpp. 75figs. 14.55 22.5cm. $5. . 


A KNOWLEDGE of the factors which influence dielectric break- 
down is of fundamental importance in the electrical industries, 
This book presents selected experimental results illustrating per- 
formance of dielectrics under varying conditions. The data are 
chosen primarily, however, to illustrate and test the more success- 
ful theories of breakdown. Very high potential gradients, of the 
order of a million volts per centimeter, cause intrinsic breakdown, 
Breakdown occurs when electrons in the solid acquire energy 
more rapidly from the field than they loose it to the solid lattice, 
A theory due to Frohlich has been comparatively successful in 
interpreting this intrinsic breakdown. Again, a solid dielectric 
often fails because the applied electric field generates currents 
which heat the solid faster than this heat can be carried away 
without reaching destructive temperatures. The consequences 
of this for breakdown are explored both theoretically and experi- 
mentally. Other chapters discuss breakdown caused by dis- 
charges and by electrochemical deterioration, while the final chap- 
ter treats dielectric breakdown in practice. 

The book is a valuable advance in the exposition of the princi- 
ples involved in dielectric breakdown. It should be read by both 
the fundamental and applied scientists interested in solid state 
change. Much of the book is nonmathematical. 

HENRY EYRING 
UNIVERSITY OF UTAH 
Lake City, Utan 


& QUANTUM MECHANICS OF PARTICLES AND WAVE 
FIELDS 


Arthur March, Professor of Theoretical Physics, University of 
Innsbruck, Austria. John Wiley & Sons, Inc., New York, 195]. 
x+292pp. Sfigs. 15.5 Kk 24cm. $5.50. 


Tis book presents the fundamental theory of quantum me- 
chanics with especial emphasis on relativistic theory. In the last 
chapter Dr. March develops his own idea for removing the diff- 
culty in the usual theory which associates an infinite energy with 
any enclosure. Thus, in a rectangular box all frequencies are 
allowed for which an integral number of wave lengths correspond 
to the box length. The associated half quanta thus constitute an 
infinite zero point energy. The author eliminates the high fre- 
quencies by assuming ‘“‘it is, on principle, impossible to invent an 
experiment of any kind that will permit a distinction between the 
positions of two particles at rest the distance of which is below a 
certain limit lo.” This assumption removes part of the difficulties 
only but it is introduced and developed in an illuminating man- 
ner. Dirac’s relativistic equation and his hole theory are de- 
veloped in an instructive way. 

The book is always clear and will be especially valuable in 
physics courses devoted to a careful examination of basic princi- 
ples. 


HENRY EYRING 


UNIVERSITY OF UTAH 
Sart Lake City, Uran 
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Some Modern Texts for Chemistry Students 


A COURSE IN COLLEGE CHEMISTRY 


by V. R. Damerell 


Designed especially for the terminal course 
in first year college chemistry, this book 
firmly ties abstract chemical concepts to 
concrete everyday examples and thus 
avoids confusing the student with a 
melange of se terminology and 


complicated theory. The author presents 
the chemistry of groups of substances as 
they occur in nature and in daily life, the 
progression being chiefly in order of in- 
creasing molecular complexity. Ready in 
Spring. 


TEXTBOOK OF QUANTITATIVE 
INORGANIC CHEMISTRY, 3rd Edition 


by |. M. Kolthoff & E. B. Sandell 


In revision practically all the theoretical 
chapters have been thoroughly rewritten. 
The chapter on ‘‘Separations’’ has been 
entirely rewritten and is a unique feature 
of the book. A comprehensive review of 
electrical methods of analysis is given, 
and modern developments in the fields of 
complex formation, organic reagents, etc., 


THE CHEMISTRY OF 


ORGANIC COMPOUNDS, 


by James B. Conant & A. H. Blatt 


An essentially complete revision of the 
text is represented in this new fourth edi- 
tion. The changes in the arrangement of 
the chapters are minor. In the new edi- 
tion the emphasis on the essential facts of 
organic chemistry and the empirical gen- 
eralizations that serve to correlate so many 
of these facts have been retained. Elec- 


are presented in a fundamental and concise 
way. In the part dealing with Physical 
Methods of Analysis (previously called 
Physico-Chemical Methods of Analysis) the 
flame photometer and use of radioactive 
methods in analytical chemistry are de- 
scribed. Ready in the Spring. 


4th Edition 


tronic interpretations of the course of or- 
ganic reactions have been used to a greater 
extent than in the preceding edition but 
are still used sparingly. The most impor- 
tant new material is a discussion of the 
principal types of mechanisms by which 
organic reactions take place. Ready in the 


Spring. 


The Macmillan Company 
60 Fifth Avenue 
N. Y. 


Please mention CHEMICAL EDUCATION when writing to advertisers 
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Three Outstanding Chemistry TeX 8 


G. Brooks King and William E. Caldwell 


The Fundamentals of College Chemistry 


A Few Representative Adoptions: Hampden-Sydney College — Kenyon College— 
Louisiana Polytechnic Institute—New York University — Rutgers University— 
The George Washington University — University of Missouri — University of 
Pennsylvania — University of Southern California — University of Wyoming 


Otto F. Steinbach and Cecil V. King 
Experiments in Physical Chemistry 


A Few Representative Adoptions: Bowdoin College — Dartmouth College — Hobart 
College — Illinois College — Long Island University — University of Connecticut 
— University of Denver — University of Miami — University of New Mexico — 
University of Texas 


American 
Book Allan R. Day 
c Electronic Mechanisms of Organic Reactions 

ompany 
55 Fifth Avene “The unified approach by way of a few relatively simple underlying principles re. 
eee wae ae Hr garding structure and mechanism should enable the student to assimilate a great 
Cincinnati 2, Ohio deal more information than is possible when the learning process depends almost en- 
tirely upon memorization.” Edward A. Fehnel, Swarthmore College 


Insist Upon the BEST...... 


WORLD FAMOUS DETERGENT 


No matter what you want to clean . . . blood, encrusted pipettes, 

metalware, porcelain ware, machine parts, instruments, ... no mat- 

ter how dirty or greasy they may be... ALCONOX will make 
-& them sparkling clean, film-free, streakless. 

TESTED—USED 


3 osama In hot or cold water, ALCONOX is equally effective. It actually 
pa yes Bow: orn food lifts off dirt, grime and grease faster than anything you have ever 


and industrial plants. tried. 
& SAVES ENERGY, SAVES TIME 


tough job. Just wash and rinse. Toweling practically unnecessary. Economical too—one spoon- 


Available in: ful makes a gallon of active cleanser ready to go to work on your toughest job. 
Box of 3 Ibs. — Price $ 1.95 
Carton (12x 3 Ib.) ea. 18.00 Dept. JCE2 
Bag of 50 Ib. Ib. 40 
Barrel of 300 Ib. 37 


ALCONOX, INC. 


If your dealer cannot supply 


you, write for literature and manufacturing chemists 


compres. 61-63 Cornelison Avenue Jersey City 4, New Jersey 
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IMMEDIATE DELIVERY! 
on Christian Becker 


AB-2 AND AB-4 BALANCES 


For fast and accurate analytical weighing—these new, im- 
proved models have proven their superiority. Notched Beam, 
Dial Reading Chainomatic Device, and Magnetic Damper 
have been combined with improved design and other features. 


Model AB-2: 200 gram capacity, 449 mg. sensitivity at full 
load, stainless steel pans 27{¢” diameter, independently mounted 
balance mechanism, glass base plate ‘floats’’ on shock-absorbing 
neoprene cushion, newly developed sash balance eliminates sash 
weights...provides greater access to case, chemically resistant 
white interior finish and translucent opal glass back panel provide 
easier visibility and brighter work area. Engineered for long, 
dependable service. 


Model AB-4: similar to AB-2 except for beam ratio; bows; 
ponel and sensitivity which is mp. at and ome ABO ........:...-... each $449.00 
at full load. Ca 00004, each $353.00 


For the complete line of balances and other 
fine laboratory apparatus, write for new, compre- 
hensive NYLAB Catalog #7. 


76 VARICK ST. NEW YORK 13, N. Y. 


RELATIVE VALUES OF RETENTION OF 
S & S ANALYTICAL FILTER PAPERS 
Ash.Free Papers Other Grodes 
Motive 


Accurate Quantitative Analyses 
with S & S ‘“‘Ash-Free’”’ Series 


e Ash content equal to or lower than that of the best 
European double-acid-washed papers @ Ash content 
controlled by strict laboratory supervision @ 8 grades 
from extra dense for the finest precipitates to soft for 
rapid filtration of gelatinous ppts @ Standardized to 
meet individual requirements in work of greatest ac- 
curacy @ Circle diameters 5'/2 cm to 18'/2 cm; weight 
of ash content minus 0.02 mg to minus 0.20 mg for the 
largest. 

For test samples, send information on indrvidual requirements. 
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aT WRITE FOR LATEST CATALOG 


SCHLEICHER &« SCHUELL CO. 


A, 
eereasins 604 & 404 e Keene, New Hampshire 
fans ALWAYS INSIST ON S & S AMERICAN FILTER PAPERS 
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FOR SCIENTISTS EVERYWHERE 


Your needs have impelled Burrell to pioneer in the fielg 


G A S A N A LYS | S of gas analysis down through the years. Many “firsts” and 
“exclusives” in both construction of apparatus and methods 
of procedure have resulted. Typical Burrell exclusives are 

APPARATUS ; Catalytic Combustion for greater speed, safety and accuracy, 

and Perma-Therm heating for constant, automatic, tem. 

perature control. Of particular interest to scientists every. 
where is the versatility of types and models offered. You 


select from the most complete assortment of gas analysis | Qhaw: 
apparatus available. All of your needs can be met. 


by @ 


if self 


Tue Burrett De Luxe Mopet J, pictured, is one of the 
most frequently specified types of gas analysis apparatus. | ing fr 
Designed for adaptability and efficiency in the laboratory, | theif 
any simple or complex mixture may be handled with speed i 
and accuracy. Because all of the necessary equipment for tire ki 
all the commonly used methods is incorporated, the analyst 
needs only to select the method best suited to the gas 
sample. This versatile Burrell gas analyzer 
is delivered with all needed equipment and 
accessories fof prompt operation. For more 
detailed information about this and other 
models, write for Burrell Catalog 80, which 
contains a helpful Manual for Gas Analysts. 
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THe Burrett Inpustro Gas ANALYZERS are compact, and 
portable and easily, operated units for the industrial gas The 
analyst. Designed for on-the-job use, these ‘“Industros” J stain! 

for we 
are rugged and trouble-free. The frame is all metal and 44), ; 
there are no glass stopcocks to handle with care. Model B§ stand 
(shown), is used for mixtures such as flue gases where For 
determination of carbon dioxide, oxygen, i, 
and carbon monoxide is desired. Model C Union 
offers added facilities for more complicated 


Deen 
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lyzers, ask for Bulletin No. 313. oy 

ord | 

chang 

of pr 

Tue CO) InpicaTor is a necessity for all com- 

bustion engineers. By measuring the CO, content and the® jn4;.., 


semperature of the chimney gas, amount of heat loss can accur 
readily be determined. The Burrell Indicator is light 
and sturdy with an easy-to-read scale. No 
installation or time consuming preparations 
are needed—a small hole in the stack makes 
immediate testing possible. A complete kit 
includes all accessories and instructions for 
use. Ask for Burrell Bulletin No. 206. 


BURRELL corporation 


incre: 


2223 FIFTH AVENUE, PITTSBURGH 19, PENNSYLVANIA ws 
MANUFACTURERS AND DISTRIBUTORS OF SCIENTIFIC APPARATUS AND LABORATORY CHEMICALS 9CE, 
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sing Bearings Added To 
Ohaus Heavy-Duty Solution Balance 


The Ohaus Scale Corporation of Union, 
New Jersey, announces the incorporation 
of self-aligning bearings in its heavy-duty 
solution balances. 

According to the manufacturer this fea- 
ture will improve the sensitivity by reduc- 
ing friction and will materially increase 
the life of the balance by assuring full con- 
tact with the knife edges at all times, thus 
distributing the wear evenly over the en- 
tire knife edge. 


A unique system of hardened steel check 
levers permits a sensitivity of one gram 
under loads up to its capacity of 20 kilo- 
grams. This large capacity along with its 
fine sensitivity makes the scale useful for 
many purposes in research, agricultural 
and industrial laboratories. 

The balance can be supplied with a 
stainless-steel platform or with subject box 
for weighing of animals. Models are avail- 
able in either the metric or avoirdupois 
standards or a combination of both. 

For further information and free litera- 


ture, please address inquiries to Ohaus 
Seale Corporation, 1050 Commerce Ave., 
Union, New Jersey. 


Deeminizer Folder 


A four-page folder describing the Dee- 
minizer is available from Crystal Research 
Laboratories, Inc., 29 Allyn Street, Hart- 
ford 3, Conn. This inexpensive ion ex- 
change unit is said to produce mineral- 
free water of high purity. It is capable 
of producing up to five gallons of chemi- 
cally pure water per hour. ° 

The unit features a built-in purity 
indicating meter which gives the user an 
accurate check on the purity of the water 
at all times. : 


New ‘‘Waco Catalyst’’ 


_ “WACO Catalyst,” Volume 9CE, has 
just been published by Wilkens Anderson 
Company, 4525 W. Division Street, 
Chicago 51, Ill. The current issue is 
virtually a complete catalog of Coleman 
instruments showing their line of titrators, 
PH meters, spectrophotometers, etc. It 
also illustrates and describes a number of 
Waco accessories specially designed to 
increase the range and applications of the 
Coleman spectrophotometer. 

Copies of ‘“‘WACO Catalyst,”’ number 
9CE, are available on request. 


Freeze-drying Unit 


A small freeze-drying unit for general 
research and laboratory work has been 
introduced by the F. J. Stokes Machine 
Co., 5500 Tabor Road, Philadelphia 20, 
Pa. Suitable for drying cultures and other 
products in small volume, it will dry up to 
24 containers simultaneously. Large con- 
tainers up to 250 ml. total capacity can be 
handled. 


The unit cousists of a tank and chrome- 
plated manifold with 24 outlets, and a 
vacuum-insulated condenser bath. It is 
available with or without vacuum pump 
and McLeod gage. 


New X-Ray Diffraction and 
Spectrometer Catalogue 


A new 60-page catalogue titled “X-ray 
Diffraction and Geiger-Counter X-Ray 
Spectrometric Equipment” has been re- 
leased recently by the Research & Control 
Instruments Division, North American 
Philips Company, Inc., 750 South Fulton 
Avenue, Mount Vernon, N. Y. 

In addition to X-ray diffraction, spec- 
trometry, and fluorescence analysis, the 
catalogue covers such components and 
accessories as tubes, rectifiers, and cameras. 
It also has sections on camera mounting 
brackets, film illuminators and measuring 
devices, and monochromators. 
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PERFECT TUBING 
LABORATORY 


Chemically Inert 


Clear 


Non-Toxic 


Sterilizable 


Easily Cleaned 


Non-Aging 


U. 
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FILTER PAPERS 


for Every Course 


Heads of Chemistry Departments 
and others responsible for selecting 
Filter Papers have found it advisable 
to specify WHATMAN Filter Papers 


exclusively. 


There are grades for General 


Chemistry, Qualitative 


Physical, as well as for the require- 


ments of the Medical School, 


users of Filter Paper. 


The students benefit from using 
WHATMAN Filter Papers since they 
will almost invariably find WHAT- 


MAN_ used 


promptly. 


H. REEVE ANGEL & CO., INC. 


New York 7, N. Y. 


52 Duane Street, 


> 97.4", 


PAPERS 


Analysis, 
Quantitative Analysis, Organic and 


Home 
Economics School and other campus 


in the laboratories of 
Industry and Research in which they 
will be employed after graduation. 
If you have not standardized on 
WHATMAN already, write direct to 
us for samples and recommendations 
of the grades to use in each course. 
Remember, your dealer has WHAT- 
MAN in stock or can get it for you 
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DRIERIT 


“The Versatile Desiccant” 


For Drying 
SOLIDS—LIQUIDS—GASES 


For seventeen years serving the 


INSTITUTIONS—INDUSTRIES 
LABORATORIES—PLANTS 


in the solution of their drying problems 


Efficient — Dries all organic liquids instantly in 
liquid or vapor phase. Gases retain only 
0.005 mg. H:O per liter. 


Versatile — An all-purpose desiccant. 


Non-Wetting — Does not become wet on satu- 
ration, nor crystallize to walls of tubes, towers or 
desiccators. 


Neutral — Dries without reacting with either 
acid or alkaline materials. 


Inert — Except toward water. Does not decom- 
pose, polymerize, or catalyze organic sub- 
stances by contact. Insoluble in organic liq- 
uids. 


Regenerative — Repeatedly after any normal 
use, by dehydration at 235 to 250° C. 


Economical — Lowest priced high grade desic- 
cant. Available in quantity for Industrial 
Processes. 

References 
(1) Ind. Eng. Chem. 25-653 (June, 1933) 
(2) Ind. Eng. Chem. 25-1112 (Oct., 1933) 


(3) National Bureau of Standards Journal of Research 
12-241 (Feb. 1934, R.P. No. 649) 


Granule Sizes: 2, 4, 6, 8, 10-20 and minus 20 mesh. 


| Write for literature and quotations 


W. A. Hammond Drierite Company 
120 Dayton Avenue, Xenia, Ohio 
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4 number of pages are devoted to wide 
nge goniometers, fluorescence analysis, 
giversal working arrangements, Geiger 
tubes, electronic circuit panels, and table 
node] spectrometers, 

Considerable space in the new catalogue 
isdevoted to the Philips Electron Micro- 
scope. Other data are included on such 
jems as the flat specimen spinner, count- 
ing rate computer, special holders, milli- 
ampere stabilizer, Weissenberg and Geiger 
sunter, Weissenberg cameras, crystal 
analysis equipment, and thickness plating 

Eieemation is also provided on applica- 
tins for X-ray instruments along with 
typical charts which show how specimens 
difer when analyzed by this powerful 
laboratory and production control equip- 
ment. 


“Con-Wate’’ Mechanical Convection 
Oven 


To provide improved heat uniformity 
throughout and improved heat transfer 
between heater bank and load in the oven, 
Blue M Electric Company has developed 
the new “Con-Wate”’ mechanical con- 
yection oven. 

The “Con-Wate”’ oven provides a con- 
stant air weight circulation at all tempera- 
tures by the setting of a quadrant which 
allows definite quantitative control of the 
constant air weight circulation which, in 
tum, controls velocity to any desired 
value. By the mere shifting of the “‘Con- 
Wate” control quadrant, the velocity is 
readily adjusted to any desired value from 
50 to 250 P.P.N. equivalent. 

Another feature is the Visi-Float, which 
at all times shows the condition of air 
circulation in the heated chamber. Thus 
guessing is eliminated. 

The new three-point suspension motor 
to blower direct-drive eliminates belts, 
pulleys, and countershafting. 

To provide maximum safety protection 
the “Con-Wate” oven may be equipped at 
any time with the Blue M low-cost ‘‘Pack- 
aged Protection”? control panel by simply 
removing an auxiliary panel. 

Temperature range 35° to 288°C.; in- 
terior is of 18-8, 2B stainless steel; ex- 
terior of heavy-gage steel finished in gray 
enamel; two adjustable stainless-steel 
shelves. Double wall door, fitted with 
chrome-plated hardware, has the Blue M 
exclusive bellows-type leakproof seal. 
Three sizes available. 

Further information may be had from 
the manufacturer, Blue M Electric Com- 
pany, 306-308 West 69th Street, Chicago 
21, Illinois, 


New Literature 


A new, 20-page manual outlining meth- 
ods for the analysis of copper and lead by 
electro-analysis has been prepared by 
Eberbach Corporation, Ann Arbor, Michi- 
gan, for distribution with its Electro- 
Analysis Apparatus. The methods and 
extensive bibliography are a product of 
research at Battelle Memorial Institute. 
Because this booklet can be helpful to all 
laboratories performing such analyses, 
Copies are available upon request at no 
charge, 

Hellige, Inc., 3718 Northern Boulevard, 


Long Island City, N. Y., has released two 
ew catalogs on apparatus for Precise pH 


Control and Water Tests. Catalog No. 
600-10 illustrates and describes the Hellige 
Colorimetric Comparator line which ranges 
from the inexpensive Simplex Testers to 
the versatile Pocket and Standard Com- 
parators, and the Aqua Tester. All 
models are equipped with Non-Fading 
Glass Color Standards, and many new 
standards are now offered for the latest 
tests employed in analyses of water, 
sewage, and industrial waste. The cata- 
log also introduces the Hellige Daylite 
Comparator Illuminator with which the 
Pocket and Standard Comparators can 
be used for determinations in both artifi- 
cial and day light. A four-color catalog 
No. 600-20 lists 180 indicator solutions 
and reagents for pH measurements, water 
and chemical analyses with the Hellige 
Comparators. 


A calendar intended for those inter- 
ested in low-temperature research, par- 
ticularly in the liquid helium temperature 
range, is available from Arthur D. Little, 
Inc., 30 Memorial Drive, Cambridge, 
Mass. A conversion chart of the boil- 
ing points of gases is printed on this 
calendar. Gases from Carbon Tetra- 
chloride to Helium are listed by boiling 
point in Centigrade, Fahrenheit and Ab- 
solute scales. 

A new 24-page catalog on “Laboratory 
Gases and Equipment” is available from 
the Ohio Chemical & Surgical Equipment 
Co., 1400 E. Washington Avenue, Madi- 
son, Wis. Besides prices, the booklet con- 
tains information on safety precautions, 
basic properties and principal impurities 
of gases, data on standard valves and cyl- 
inders. 


MATTWUNEE OFFERS YOU 


CUSTOM QUALITY IN LABORATORY EQUIPMENT 


Kewaunee installation in Science 
Hall, $.M.U., Dallas, Texas 


no extra cost 


At Southern Methodist University—and in 
hundreds of other leading laboratories 
throughout the nation—Kewaunee Equipment 
is first choice. Every piece is functionally 
designed to speed laboratory work .. . soundly 
constructed to withstand constant use... 
exceptionally finished to resist the wear of 
acids, alkalis, solvents and water. All—custom 
quality, yet at no extra cost. 

Whatever your needs—in wood or metal lab- 
oratory equipment—find out how much more 
Kewaunee offers. Write for free catalog, indi- 
cating whether interested in wood or metal. 


Representatives and sales offices in principal cities 


5014 S. Center Street 


Please mention CHEMICAL EDUCATION when writing to advertisers 


J. A. Campbell, President 
Adrian, Michigan 
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On 


GAS 
DATA 


(2nd Edition) 


This book is a compilation of data sheets 
on 61 different gases, and is primarily 
designed to be helpful to the individual 
working with the gas in plant or labo- 
ratory. In addition to the chemical 
properties, it describes the toxicity, 
safety devices, precautions in handling, 
and recommended controls for each gas. 


The different types of cylinder valve 
outlets used for the various gases have 
always been a major headache to users 
of Compressed Gases. In this 2nd 
edition you will find drawings and de- 
scriptions of all cylinder valve outlets 
and inlets commonly used today. 


Pure 


Oreanic 


Chemicals 


Over 2500 organic chemicals stocked 
for immediate delivery. Included are 
all the building blocks needed by the 
chemist in industry, the research labe- 
ratory or the university. 


The purity of each Matheson organic, 
chemical is guaranteed by our strict 
laboratory controls. 


If you do not have our Price List No. 10 
in your files write for a free copy. 


THE MATHESON CO., INC. 


EAST RUTHERFORD N-J JOLIET ILL 


Acenaphthylene; Acetobromoglucose; Acetonedicarboxylic Acid 
a-Acetylindole; 3-Acetylpyridine; Acetylthiocholine lodide, a 
Aconitic Aste Acridine Hydrochloride; Adenosine Diphosphate 
Adonidine; Alanylglycine; Alkaloids; 4-Aminopyridine; Amylase, 
Anserine; Arachidic Acid; Arachidonic Acid, 1-Argininamide, 
o-Arsanilic Acid; Atropic Acid; Bacitracin; Behenic Acid; Carbo. 
benzoxychloride; Carnosine; Catalase cryst.; Cellulase; Cerotic Acid 
Ceryl Alcohol; a-Chloralose; 8-Chioralose 
phonic Acid; p-Chi ib te, Cholesterol Esters; Circylg. 
tory Hormone; Clupein; Collagen; s-Collidin; Columbium Chloride 
Copper Glycinate; Dehydroascorbic Acid; Desoxycorticosterone 
Glucoside; Desthiobiotin; Dialuric Acid; Dibromosalicylaldehyde, 
Dihydroxyacetone Phosphate; Diisopropyl Fluorophosphate; Dithiol; 
Endosuccinic Derivatives; Enzymes; Equilenin; Equilin; Erucie Acid 
dl-Ethionine; Ethylenediamine Acid, Ethylpyridinium 
Bromide; Fructose-6-Phosphate; Gitoxin; Glucoascorbic Acid; Glueo. 
sides; Glucuronides; Glyceraldehyde Phosphate; Glycylglycyigiycine; 
Glycylleucine; Glycyltryptophane; Glycyltyrosine; Heparin; Hexo. 
inase; Hyeluronic Acid; 4-Hydroxyacridine; 8-Hydroxyglutamic 
Acid; a-Hydroxyphenazine; 12-Hydroxystearic acid; lodoacetamide; 
o-lodosobenzoic Acid; Isoascorbic Acid; Isocitric Acid; lsocytosine; 
Ky ic Acid; Lactobionic Acid; Leucylglycine; Leucyltyrosine; 
Lignoceric Acid; Lithium Amide; Margatic Acid; Menthol Glucuron- 
ide; 8-Mercaptopropionic Acid; Mescaline Sulfate; Mesocystine; 
Methyl-bis-Chloroethylamine; 8-Methylcrotonic Acid; 3-Methyl- 
cytosine; Methylnonylketone; 8-Naphthaleneacetic Acid; N-Naph- 
thyl-N’-diethylpropylenediamine; Naphthy!l Red; Neurine Bromide; 
Nitrosomethylurea; Nordihydroguaiaretic Acid; Osmic Acid; Para. 
banic Acid; Penicillinase; Peroxidase; Phenolohthalein Glucuronide; 
Phenylpyruvic Acid; Phosphopyruvic Acid; Phthiocol; Pregnenolone; 
Protocatechuic Acid; Purourogallin; Pyocyanine; Pyrimidine; Reductic 
Acid; Sodium Amide; Sodium Fluoroacetate; Sphingomyelin; Sphin- 
gosine; Stilbamidine; Ifaqui line; Tantal hloride; 0-Ter- 
phenyl; m-Terphenyl; p-Terphenyl; Thiomalic Acid; 8-Tocopherol; 
B-Tocopherol Phosphate; 1-Tocopherol Phosphate; 
tigonelline; Tropic Acid; Tyrosinase; Urease cryst.; Uridine; Uro- 
bilin; Ursolic Acid; Vitamin Biz. 


Ask us for others! 


DELTA CHEMICAL WORKS 


23 West 60th St. New York 23,N.Y. 
Telephone PLaza 7-6317 


Chemical 


The familiar C & B trademark is your assurance 
that the product carrying this mark 


(1) has been manufactured to meet the standards 
and specifications stated upon the label 


(2) has passed our specifications prior to packaging 
and has been rechecked after packaging 
(3) is backed by an organization which, for over 


thirty years, has had as its primary aim the produc- 
tion of Laboratory Reagents of the highest purity. 


C&B Products are distributed by Laboratory and 
Physician Supply Houses Throughout the World 


Write for copy of our catalog 


THE COLEMAN & BELL CO., Inc., 
Manufacturing Chemists : Norwood, Ohio, U.S.A. 


COLEMAN BELL 
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No. 2070 | 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found | 
2 particularly useful in determining very small 
amounts of these substances. 


———KLETT SCIENTIFIC PRODUCTS 


ELECTROPHORESIS APPARATUS e BIO-COLORIMETERS 
GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 
ETERS e GLASS STANDARDS e KLETT REAGENTS 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N. Y. | 


Please mention CHEMICAL EDUCATION when writing to advertisers 


RELEASE ONE OF YOUR MEN 


FOR OTHER WORK 


The new Coleman AUTOTRATOR re- 
duces costs and increases output of the 
laboratory through AUTOMATIC titra- 
tions! Relieves laboratory personnel of 
strain and fatigue! 


VERSATILE. Will conduct any titration . . . AUTO- 
MATICALLY . . . in which the end point can be related 
to an electrode potential. This includes neutralization, 
oxidation-reduction, precipitation, and complex-forming 
reactions. 

UTILITY. Uses standard laboratory accessories. The 
Automatic Burette Valve and Burette mount on an ordinary 
ring stand, with standard clamps. 


The Model 19 allows the titrant to flow without re- 
while the 18 continuously indicates the 


por- 
point is att then waits for a pre- 


3532JC AUTOTRATOR Coleman Model 19. With Control 
Unit, Burette Valve, beaker support, titrant delivery tube, parts kit, 
Buffer Tablets and cable for connection to Model 18 pH Electrometer. 
For 115 volt, 50/60 cycle operation. Each.............. $310.00 


3530JC Coleman A.C. pH METER .. Model 18. With screw top 
glass and reference electrode. For 100/ 140 volts, 50/60 cycle cur- 
rent line. NO BATTERIES are required. With temperature com- 
pensator. For both pH = "Millivolt dings. In th 


ASK for WACO Catalyst, Vol. 
9-JC . . . describing the COMPLETE 
COLEMAN Instrument line, and 


NEW accessories! It's a handy book! 

This catalog shows complete time- WACO 
saving set-ups. Many them are 

exclusive with Waco. See the entire Catalyst 
Coleman line, all set-ups needed for 

operation of these instruments, and 


WILKENS ANDERSON 00. 


w DIVISION e CHICAGO 5) ILLINOIS 


A 
Ph 
lotide, 
erone j | 
Acid; ” 
Sluco. 
ycine; 
i | \ 
OPERATION 
| | 
| selected time, to insure complete mixing and reaction of the : 
| | reagents, shuts off the stirrer, locks the Burette Valve, and : 
signals the end of titration. | 
| 
| | 
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For rapid combustion reactions with 
sodium peroxide to determine: ~ 


Cllonrine 

Todine 
Phosphorus 

Selenium 
Sdlicou 


In coal, coke, organic 
compounds, petroleum 
and petroleum products, 
rubber and other diffi- 
cultly soluble organic 
materials 


Ask your PARR Dealer 
for full information or 
write direct to the 
Factory. 


instrument COMPANY 


MOLINE, ILLINOIS 


MAKERS OF CALORIMETERS AND PRESSURE REACTION EQUIPMENT 


The Life of 


Catalog No. 681 
ONE END 
CONSTRICTED 


Catalog No. 


‘COORS Volcanus¥ 
Combustion Tube | 


For economical service in 
_ industrial laboratories 


Coors PORCELAIN COMPANY 
GOLDEN, COLORADO 


Ina Remsen 


By Frederick I. Getman 


“...a pleasantly written and inte 


esting biography of a great chemist: 


Remsen’s greatest fame was the discovery of the synthed 
of saccharin which was the result of the joint work ¢ 
Fahlberg, a German student working with Remsen and 
Remsen himself. The way in which Fahlberg succeeds j 
in concentrating all the fame on himself and in whit 
he commercialized this invention is told in detail and it ¢ 
serves to be told. It was an unpleasant affair that caus ‘ 
Remsen much trouble even in quarters where he had not 
pected it, as subsequent difficulties with the editor of tl 
Journal of the Society of Chemical Industry proved. 


Remsen’s work as a university president and a public servs 
constitute another example of the vicissitudes of an hone 
scientist in local and national politics and they are well to 
Seeing the elaborate bibliography of Remsen’s publicatio 
eg to this book we have the feeling, even after 
pleasant hours spent in reading it, that most has not be 
made of the evolution of Remsen’s practical and theoreti 
work as seen against the om pee of American orgal 
chemistry of those days. Should anyone later attempt 
write this more elaborate biography he will surely find t 
book a handy collection of facts to start from. 


R. J. Forbes, COMPTE RENDUS CRITIQU 


Order your copy today. POSTP. 
CHEMICAL EDUCATION PUBLICATION 
EASTON, PA. = 
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pH CONTROL 
CHLORINE CONTROL 
PHOSPHATE CONTROL 


maintained with 
accuracy, simplicity & low cost 
by the 


LaMOTTE COMPARATOR METHOD 


| 
| International Nickel Company, Inc., Research Laboratory, Bayonne, New Jersey 


These time-tested instruments have served Science | 
and Industry for more than 31 years. 


Consult LaMotte for a complete line of simplified 


Equipment & Reagents for: 29 
pH Control, Chlorine Control, Boiler Feed Water |] FI ME HOODS 
Control, Analysis of Water, omy and Industrial | 


Wastes, Control of Electroplating Baths & Cleaning 
Solutions, Soil Testing, Vitamin Studies. 


laMOTTE CHEMICAL PRODUCTS CO. make Perchloric Acid 
handling safer! 


there’s an Want to reduce the worry in using perchloric acid 


E&D wevenees | | in your laboratory analyses? Now Alberene Stone 
FILTER PAPER ~~ Corporation offers you fume hoods specially de- 


signed to reduce hazards in working with perchloric 


for most filtration problems _ acid... specially designed to give you greater safety. 
of science or industry And for prompt advice on any of your laboratory 


fume problems write to Alberene Stone Corporation 
As manufacturers of filter and absorbent 
papers we gladly place at your disposal _ of Virginia, 419 Fourth Avenue, New York 16, N.Y. 


our experience and skill in helping you _ Orbetter yet—visit ournearest Alberene branch office. 
select the proper paper for the problem | 


confronting you. Or, ifanew | 

kind of paper is indicated, chances are FREE REPRINTS » 
we can produce it for you. | 
Call on us without any obligation. 


of an article giving helpful hints on 
| safe handling of perchloric acid are 
yours for the asking. Just write today 
| on your company letterhead. 


(CED | 
EMON-DIKEMAN Zo. |  ALBERENE STONE 


Helly, Springs, Pa. 


Branches in Principal Cities 
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Domestic and countries in Pan. 
American Union 


JOURNAL OF CHEMICAL EDUCATION 
EASTON, PENNSYLVANIA 


A Continuing University... 


THE JOURNAL OF CHEMICAL EDUCATION 
is a continuing university for the teacher and 
for the chemist in industry. It is an open forum 
for the exchange of ideas and experiences, the 
value of which is apparent to chemists in industry 
as well as to all chemistry teachers. 


Solutions to problems, improvements in technique 
and practice, new theories and ideas become 
— knowledge for the benefit and guidance 


While the JOURNAL is the chemistry teachers’ 
own periodical its editorial columns are open and 
— to the industrial or research chemist 


Not only does the JOURNAL feature articles per- 
taining to education and educational practices, 
such as teaching methods, educational studies 
and statistics, but . . . . it carries original papers 
from prominent educational and research chem- 


Its articles on new and revised laboratory pro- 
cedure and technique, and on the construction 
of laboratory apparatus, are of value to all 


Other articles in the JOURNAL, which are most 
often referred.to by commentators, are its reviews: 
of industrial processes and practices, and its 
historical and biographical sketches. Abstracts, 
book reviews and extended discussions of subjects 
impossible to include in textbooks are regular 


These articles are clear, concise and authorita- 
tive. They are varied in topic and sufficiently 
non-technical to be of general value. They form 
a living textbook of chemistry—an invaluable 
source of material not to be found in reference 
volumes, or elsewhere. 


Thousands of chemists and chemistry teachers use 
the JOURNAL in their own special way to meet 
their own special problems, and it is readily 
adaptable to a multitude of such uses. You too, 
will find the JOURNAL helpful, informative .... 
and highly readable. 


l year 2 years 


$3.50 $6.00 
4.00 7.00 
4.50 8.00 


Roy I. Grady 
John W. Chittum 
and others 


Fully seventy-five per cent of the “voca- 
tional problem” involves choice of work 
that one can enjoy doing. 


Although much has been written about 
chemistry’s role in modern life, there is 
almost nothing available about what the 
chemist himself actually does and how he 
does it. To fill this gap, fifty-three prac- 
ticing chemists—selected to represent as 
many different degrees of attainment as 
possible—were asked to describe brief 
tke general nature of the activities in whi 
they are engaged, and the particular duties 
which they perform. 


Some of these chemists have spent a life- 
time in the profession; others have been 
raduated from college only a few years. 
e comprehensive picture which they 
present in this book shows the duties, 
problems, and daily routine in a great 
variety of chemical fields; it depicts the 
tedious drudgery as well as the pleasant 
and stimulating features. Salaries and op- 
rtunities for advancement are also shown 
in this cross-section of working conditions 
within the profession. 


A book that can add sparkle to nee teaching. It 
brings information of such great value to your students 
that it could well be required reading. ... Authentic, 
factual accounts of the work of chemists employed in 
as many different fields, written by persons who are 
actually doing the pr | they describe... in glass, 
metals, sugar, ceramic, canning, petroleum, and 
many other industries. Opportunsties for the trained 
chemist in education, research, invention, in 
literary field, in government atories, and in 
medical technology are discussed. The place 
women in chemistry is given special attention. This 
book could well be required reading for teachers too. 

—The Science Counselor 


A few hours with this book give a broader outlook 
on the whole profession... . Each author is qualified 
by experience and training to relate the various 
activities connected with bis work. ... Probably the 
best use to which it will be put is the guidance _ 
and boys who must make their own plans eci- 
sions concerning a_ profession. 

—Chemical and Metallurgical Engineering 
THE CHEMIST AT WORK should be in every 


school library for more complete and helpful 
vocational counseling. 


Illustrated, 354 pages $3.00 
CHEMICAL EDUCATION PUBLICATIONS 


\\\\ 


AM 


Easton, Pennsylvania 


JOURNAL OF CHEMICAL EDUCATION, FEBRUARY, 1952 § /e 


- "It’s a dog’s life b love it.’ 
It’s a dog’s life but I love it,” 
. 
- 
ae ists as well. | 
chemists 
| 
| 
features. 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| | | 
SUBSCRIPTION RATES | | 
4 
i 


A New Special Type Detergent 
~ORONOX 


Rust Inhibitor—Removes and prevents rust 
Cleans and Brightens Instruments like new 


Harmless to hands 
Eliminates tedious scrubbing 
Leaves no film 
Write for Sample 
1'/, lb. box $1.95 


The Best Detergent, Wetting Agent and Rust Inhibitor on the Market 


AMEND DRUG & CHEMICAL Co., INC. 
117-119 East 24th Street New York 10, N. Y. 


THERE’S NO “rr” ABOUT 


Pape BALANCES 


Many technicians are trying to maintain high 
standards of analytics by using obsolete or in- 
accurate balances that are not capable of fast, 
efficient, reproductive results. Qj assures 
dependable, accurate, results. 


Try the “2 Way”’ test 


1. Compare the ease of operation and quick re- 


sults obtainable, thet only gap exclusive 


features offer. : 
2. Compare the modest price with any other Type AN-2012 . . $290.00 —_ 


balance tendered today. 1/20 mg sensitivity 200 gram capacity 


Fill in and mail this coupon today! ® f AMERICAN BALANCE CORPORATION. 


408 Potter Avenue, New Rochelle, N. Y. 
op! © I would like to have a free trial opportunity to conduct I 
€ my own “2 way” test of the Gy balance in our laboratory. i 
_ AMERICAN BALANCE CORP. 
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The Bowen Laboratory Spray Dryer 


---MEETS ALL REQUIREMENTS FOR: 


SMALL LOT PRODUCTION OF VALUABLE MATERIALS 
AND LABORATORY _— AND DEVELOPMENT 


Hinged Chamber open for cleaning 


The Table Model is “scaled-down” 
from Bowen commercial spray dry- 
ers. The unit can be used for actual 
small lot production or tor test 
work where data obtained is used 
for design of production units. 


Since 1926 Recognized Leader in Spray Bryer annie 


1. EASY'TO CLEAN — Hinged 
chamber can be opened for washing 
or brushing. All ducts are flanged and 
fastened by quick-opening wing nuts 
to make cleaning easy. 


2. SIMPLE TO OPERATE — Engi- 
neered for ease of operation—air tem- 
peratures are controlled automatically. 
Requires space of only 3’x 6’. 


OBSERVATION 
OF PRODUCT 
FORMATION 

Two viewing ports 
are provided — one 
at atomizing level, 
the other near cham- 
ber floor. 


ENGINEERING, INC. 


NORTH BRANCH 11 
NEW JERSEY 


2ud Edition. . 


. revised, reset and enlarged 


POLAROGRAPHIC METHOD OF ANALYSIS 


By OTTO H. MULLER 


[his new edition has been completely re- 
vised, reset and enlarged to approximately 
twice the number of pages in the original 
edition. 


Perhaps nowhere else can be found the 
kind of comparison of different electro- 
chemical methods of analysis made by 
Dr. Miiller. Discussions are given in 
simple language of conductometric titra- 
tions and electrophoretic methods and 
their relation to electrolytic, potentio- 
metric, and polarographic methods. 


Various types of current observed in 
polarography (residual, absorption, migra- 
tion, diffusion, kinetic and catalytic) are 
treated extensively and each is illustrated 
by simple experiments which can be car- 
ried out in any student laboratory. Dr. 
Miiller shows how to distinguish between 
all these types of currents and how to 
recognize diffusion, kinetic and catalytic 
currents by varying the drop-time or -size 
of the mercury electrode. 


The author has presented a new approach 
to the problem of polarization of an elec- 
trode which may have some value for 
student instruction. Detailed discussion 
of this problem includes directions for 
testing the non- polarizability of an elec- 
trode. 


Rather than enumerate a number of de- 
tailed analytical procedures, Dr. Miiller 
has given the principles on which these 
are based, with sufficient instruction to 
enable anyone to develop his own, or 
carry out a published analytical procedure. 
Following the given directions, no one 
should find it difficult to test the polaro- 
graphic reversibility of a reaction or to 
determine the coordination number of a 
complex metallic ion. 


Every experiment described in POLARO- 
GRAPHIC METHOD OF ANALYSIS 
can be carried out with the simplest of 
apparatus. Complete details for con- 
struction of such apparatus are given in 
the book. 

$3.50 


209 pp illustrated 


vases CHEMICAL EDUCATION PUBLISHING CO. == 


EASTON, PENNSYLVANIA 
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A mine of information 
concerning chemical 
research, 


DISCOVERY 
OF THE 


ELEMENTS 
by Mary Elvira Weeks 


“This is not a new book, but the 
fifth edition, which fact in itself 
seems to indicate considerable 
popularity. As the title indicates 
the book is a history of the dis- 
covery of the elements. But it is 
far more than that. It is a mine 
of information concerning chemi- 
cal research. Names that have 
been mentioned baldly in text 
books of chemistry are here sur- 
rounded by the warmth of per- 
sonal contact through the media 
of correspondence, illustrations of 
equipment, photographs, and in- 
timate biographical details. The 
book can only be the result of 
extensive and careful research into 
the literature of chemistry. The 
number of documents and sources 
that have been examined to pro- 
vide voluminous and authentic 
information is staggering. But out 
of it come articulated accounts of 
the fever and the fret that have 
gone into the finding of these 
elements.” 


“Included in the book are more 
than 350 illustrations, many of 
which show original apparatus. 
Much of this in its crudity serves 
the more to emphasize the enor- 
mous achievement produced with 
it. 


“On the whole it can be said that 
this book should be of interest to 
both layman and chemists. It will 
serve as a reference or equally as 
a source of information to those 
curious about investigations made 
about the building matter from 
which everything material sur- 
rounds them.” 


The B-C Teacher 


578 pp. over 300 illustrations 
pomestic $4.00 
FOREIGN $4.50 

Postage prepaid if remittance 


accompanies order 


Chemical Education Publications 
2010 NORTHAMPTON STREET 
EASTON, PENNSYLVANIA 


Please 


ables 
adi 
most 
ban, 
cban} 
P 
\ 
\ 
® 
| 
4 
i 
| 
| 
| 
| 
| 
| 4 
| 
| 
| 
} 
| The 
| 
| 
i 
| ind 
BI 
= 


Penfield Permanent Cartridge 

With Exclusive Flow Meter 
Delivers up to 10 gph of super high purity 
Only Penfield provides warer at - toon of faucet — and at only a 
a Sight Indicator fraction of the cost of distilled water. Elec- 
‘Flow Meter) that en- tric Conductivity Meter furnishes continu- 
ables 40 ous quality indication. Permanent Cartridge 
feature cuts operation costs by at Icast 25% 
so fictent over other laboratory demineralizers. Send 
» haan ll for folder M-8. Or ask your favorite Labor- 

atory Supply House. 
a PENFIELD MANUFACTURING CO., INC. 
19 High School Ave., Meriden, Conn. 
FILTERS - SOFTENERS - DEGASIFIERS - DEMINERALIZERS 


f 
Penfield “Planned Purity’ PAYS! 
e 


tic 
BETHLEHEM PLURO-JAR 
The Versatile Destecator 
ore AREVOLUTIONARY 
of IDEA—an efficient 
us. Desiccator at one- 
7es i third the price. 
or- i 
ith i 
For Crucibles— 

rat the unique 
ill 
ri 
as Shelf. 
For Chemical, 
1r- Biological and 

The PLURO-JAR Metallurgical 
er is 7” high with | # Specimens of all 

ADJUSTABLE kinds—the Flat 
Flat shelves 3" Patent applied for 

in diameter. 

Send for Bulletin PJ-15. 

ns 
+ BETHLEHEM APPARATUS COMPANY, INC. 
|A 802 Front Street, Hellertown, Pa. 


FRACTIONAL to 20 G. P.M. 


POLYETHYLENE 
PUMPS 


WITH NATURAL RUBBER, 
PURE GUM, NEOPRENE, 
BUNA, HYCAR 


‘‘flex-i-liners’’ 


ESPECIALLY DESIGNED TO 
HANDLE HCl, HF, NaOH, 
H,SO, DISTILLED H,O, 
FeCl,, Ca(OH), and many 

other: 


FLUID NEVER 
TOUCHES METAL 


Fluid only contacts outer surface 
of “FLEX-I-LINER” and inner 
surface of body block. 35 com- 
binations of rubber and plastic 
“flex-i-liners'’ and pump body 
blocks. Models available from 
fractional to 20 G.P.M.; Vinyl 
and Compar “‘flex-i-liners” also 
available in pumps to 5 G.P.M. 
capacities. Widely used in 
chemical, food, pharmaceutical and 


other process NO 
non-contaminating pumping is re- yo 


quired. Excellent for slurries. NO VALVES V AN TON 
| Write for literature. SELF 


CORROSIVE 
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VANTON PUMP CORP. 

EMPIRE STATE BLDG. Dept. JC1 New York, N.Y. PUMPS 
DESIGNS 
PERFORMANCE 
APPLICATIONS 
In 


GAS INSTRUMENTATION 


EVER-TITE 


THERMAL 
CONDUCTIVITY 


8 Filament 
iRecorder Ont for accuracy, simplicity, 


speed of response and economy 


The practical answer to problems of continuous gas observa- 
tion involving purity, quantitative change, absorption and 
other laboratory and process applications. Gow-Mac Sens- 
ing Elements are standard equipment in government bu- 
reaus, armed service projects, industrial and university 
research laboratories. Inquiries on specific gas analysis 
problems will receive prompt attention; no obligation. 


WRITE, today, for new illustrated Gow-Mac 1951-52 Catalog 


COMPANY 
22 LAWRENCE ST. 


NEWARK 5, NEW JERSEY 
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WATER: 
on As Handy As Your Tap. 
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| 
I 
fi 
| q 
| 
| 
| | 
| | 
| a 
INSTRUMENT 


APPARATUS 
EQUIPMENT 


CHEMICA 
SERVIC 


NEW LABORATORY by “Labconco” 
tough grinding problems in laboratories that 


pare a large number and variety of samples. 
Micrometer adjustment on this rugged mill permits 
an endless number of settings, from powder-fine to 
coarse oe. Newly designed cutting plates ere 
easy to clean, and novel steel-and-leather = 
continuously sweep the grinding chamber clean. 
— in % h.p. of 1 h.p. models. For = 

tures, = full details on the new mill, write 

today to the manufacturer. 


LABORATORY CONSTRUCTION CO. 
1113 Holmes Street . Kansas City, Mo. 


DISPENSE PURE, DRY REAGENT 4 
for individual tests with : 
CARGILLE REAGENT GRANULES 
Write for samples and booklet RG-JE 


CARGILLE SCIENTIFIC INC. 
118 Liberty St., New York 6, N.Y. 


SAMPLE STORAGE SETS 


4 
4 
4 
4 
4 
4 
4 
4 
1,000 small samples in orderly r 
4 
4 
4 
4 
4 
4 


arrangement on only 314” shelf 
.. space! Other models available. 


Write for leaflet SS-JE 
R. P. CARGILLE 


118 Liberty St. 
New York 6, N.Y. 


i 
| Unit Objective Tests in 
| Organic Chemistry | 
| A limited number of some of | 
| these tests are still available. 
| 


For The Chemist and Engineer 


Sturdy: Low Priced: Weight 12 Its. 
Easy to Learn: New Back Transfer 
Device Speeds Up Calculations 


Ask For Bulletin CQ-23 


SOLE DISTRIBUTORS FOR U.S.A 


IVAN SORVALL, INC. 
210 FIFTH AVE., NEW YORK 10,N. Y. 


Preferred for Vacuum Determi- 
nation in evacuation, distilla- 
tions and organic synthesis at 
reduced pressures. 


ACE GLASS INC. 


VINELAND @ NEW JERSEY 
FOREMOST IN STANDARD AND SPECIALIZED 
GLASSWARE FOR RESEARCH AND INDUSTRY 


BASIC MANUFACTURERS 
of analytically pure LISOLEUCINE, 
GLYCYLGLYCINE, L-PROLINE, 
HYDROXY-L-PROLINE, L-ARGININE - HCI 
and other AMINO ACIDS 
MEDIA FOR MICROBIO- 
LOGICAL ASSAY OF AMINO ACIDS 
for our catalogue 
H. M. CHEMICAL co, LTD. 
1651—18th St., Santa Monica, Calif. 


IMMEDIATE 
‘DELIVERY 
from complete stocks 


Alkaloids 
Natural and Synthetic Amino Acids 


Unnatural Amino Acids 
Biochemicals 
Enzymes and Coenzymes 


Heterocyclic Compounds 
Imines and Amines 
Metalorganics 


Pharmaceuticals 
Purines and Pyrimidines 
Rare Organic Acids and Derivatives 
Reagents 
Sugars and Derivatives 


Vitamins and Derivatives 


17 West 60th St.. New York 23, N.Y. 
Plara 7-8171 


3, 4—Benzpyren 
1,2,5,6, 


9, 2—Benzanthracene 


EDCAN LABORATORIES 
South Norwalk, Connecticut 


AMINO ACIDS 
ENZYMES 
BIOCHEMICALS 


Mann Fine Chemicals, Inc. 
136 Liberty St., New York 6, N. Y. 


FLEXIBLE PLASTIC TUBING 


TOP QUALITY, MODERATELY PRICED 
Nalge’s Alanol flexible plastic tubing is 
tough, clear and chemically inert. Can be 
used for corrosive chemicals, alcohol, food 
products, beverages and oils. Sterilizable 
with steam, it is made of a Vinyl Chloride 
Compound and stocked in 37 sizes from .120 
to 1 inch i.d., 170 to 1% inches o.d. Tem- 
agg range is minus 35 to plus 190 de- 
grees 

Ask us for prices and quantity discounts, 
they will show large savings over competi- 
tive products. Samples supplied. 


The NALGE Company 


623 S$. Goodman St., Rochester 20, N.Y. 


The 


Chemical 
Arts of 
Old China 


Li Ch’iao-P’ing 
‘‘Indispensable, not only for 
chemists, but also for students 
of civilization, economics, and 
of the arts of Asia, for curators 
of museums, and merchants 
who handle Chinese goods.... 
A truly attractive volume for 
all people of culture.’’—Cien- 
cia e Investigacién, Buenos 
Aires 


(Outside U.S.A. $5.50) $5.00 
Order from 


CHEMICAL EDUCATION 
PUBLICATIONS 


Easton, Pennsylvania 


JOURNAL OF CHEMICAL EDUCATION, FEBRUARY, 1952 Pleas 
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HIS INSULATED, flexible tape—made of sturdy, temperature-resistant glass 

fiber-yarn—is the answer to a myriad of heating problems in the laboratory. 
For the flexible, elastic qualities of this tape enable even heating of any vessel, 
tube, pipe or other object regardless of shape. Simply wind or wrap Electro- 
thermal tape around the object to be heated and turn on the “juice.” Any 
suitable control device such as a variable auto-transformer, rheostat or other 
energy regulator may be used. 

But when used in conjunction with the all-purpose Poweistat (pictured 
with tape set-up above), the operator may select the voltage that will provide 
the degree of heat desired by simply turning the voltage regulator dial on top 
of the unit. Voltages between 0 and 135 may be obtained. And once the 
desired setting is made, constant heat is assured. 

Take advantage of these two fine products offered by Machlett and see 
how easy it is to SIMPLIFY THOSE COMPLEX HEATING PROBLEMS! 


#42-519 ELECTROTHERMAL HEATING TAPE available 
in two types—Insulated on one side which confines heat 
thereby minimizing loss and Insulated on both sides for use 
on metal or other conducting surfaces. 


Max Insulated Insulated 

Size Amps One Side Sides 

6” x1” 0.8 $11.40 $14.70 
48” x 214” 1.5 14.90 18.75 
60” x 3” 2.3 20.15 26.45 
72” x 31%” 2.6 22.95 29.40 


#32-072 POWERSTAT Variable Transformer—1 $23 00 
KVA capacity, Output Voltage Range 0 to 135. 


For further information write for bulletin. 


Laboratory KPPARATUS + SUPPLIES CHEMICALS 
220 East 23rd Street‘ New Yor«k 10,N.Y. 
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REAGENT BOTTLES 


Heavily constructed for pro- 
tection against breakage. 
Supplied in sizes and 
shapes to meet general 
laboratory needs. 


TEST TUBES 


Well annealed, with uni- 
form, substantial walls to 
insure against breakage, 
Heat resistant and chemi- 
cally stable. 


GRADUATED 
CYLINDERS 

Designed for utility. Sturdy 
hexagonal base provides 
extra stability, prevents 
rolling if cylinder is laid 
on its side. Reinforced rim 
reduces breakage. 


LABORATORY GLASSWARE 


If you're looking for a rugged laboratory glassware— permits heavy wall construction for protection aga-i: i 
one which will stand up under constant use, even by mechanical breakage. It also is insurance against ther- 
inexperienced students—PYREX brand glass No. 7740 mal breakage. The composition of this glass assures 


is your answer. It's bound to save you money, particu- protection against the clouding and leaching effect of 
larly on replacement costs. Accurate records kept by chemical attack. For economy, safety and utility you 
50 high schools showed that PYREX brand test tubes will find it the outstanding laboratory glassware. 
outlasted all other types by at /east 2 to 1. Your laboratory supply dealer carries complete 

PYREX brand laboratory glassware is balanced for stocks of PYREX brand Laboratory Glassware. Con- 
best all around service. Its low thermal expansion sult him today. 


CORNING GLASS WORKS, CORNING, N. Y. 


VISIT THE CORNING GLASS CENTER 
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When the success or failure of a vital experiment . .. or even a costly 


production schedule . . . hinges on a single analysis—what price purity? 


Yes, in any operation where the purity of reagents assumes such 
magnitude, there can be no compromise in the choice of chemicals. 
That is why so many careful chemists always specify Baker & Adamson 
Reagents . . . the reliable, premium-quality brand “proven by 


performance” in America’s laboratories since 1882. 


In your laboratory, specify “B&A Quality” Reagents and be sure every time. 


STANDARD 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, NEW YORK 6, N. Y oe 
Offices: Albany* © Aclanta Baltimore * Birmingham* Boston* Bridgeport* Buffalo* 
Charlone* Chicago* Cleveland* Denver* Detroit* Houston* Kansas City 


Los Angeles* * Minneapolis * New York* ¢ Philadelphia* ¢ Pitsburgh* © Portland (Ore.) 
Providence* © St. Louis* © San Francisco* © Seattle * Wenatchee (Wash.) © Yakima (Wash.) 


In Wisconsin: General Chemical Company, Inc., Milwaukee, Wis. 
In Canada: The Nichols Chemical Company, Limited * Montreal* * Toronto* * Vancouver* 
SETTING THE PACE tN CHEMICAL PURITY SINCE 1882 
*Complete stocks are carried here. 
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STOCKS OF LABORATORY SUPPLIES 


When you need... 


laboratory chemicals from Tested Purity reagent grade to commercial—pre- 
packaged for prompt shipment, 


modern apparatus including test tubes and beakers, Castaloy appliances, 
burettes and bottles, flasks and filter papers, 


laboratory furniture for a completely new installation or single units for a 
specific purpose, direct from stock, 


scientific instruments for weighing or measuring, analyzing or synthesizing, 
mixing or sorting, testing or controlling, 
: .. write to any of the five conveniently located plants 
Headquarters for Laboratory Supplies 


PITTSBURGH NEW YORK WASHINGTON ST. LOUIS 


717 Forbes (19) 635 Greenwich (14) 7722 Woodbury 2850 S. Jefferson (18) 
(Silver Spring, Md.) 
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